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Page   36,  line  39,  for  "  Maurice  Mancel  Allorge  "   read  "  Maurice   Marcel 

Aliorge." 
„     178,  The  date  of  the  Excursion  to  Rochester,  etc.,  was  July  6th,  and 

not  J  uly  Qth  as  stated. 
»»     358,  Footnote.*     For  •'  See  foot  p.  376  "  read  "  See/{>j/,  p.  576.** 
„     362,  Footnote.^    For  •'  See  foot  p.  387  "  read  "  See  post,  p.  387." 
11     Z^9t  l*nes  3  and  4,  /or  '*  Since  Forbes's  day  no  President  has  been  elected 

under  50  "  read^*  Since  Forbes'sday  no  President  has  been  elected 

under  40,  and  during  the  last  twenty  years  none  under  50." 
„     463,  lines  27  and  35,y&r  **  chrysolite  "  read  '•  chrysotile." 
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THE     RULES    OF    THE     ASSOCIATION. 

As  revised  at  a  Special  General  Meeting  held  on  July  7th,  1893. 

I. 

The  Society  shall  be  called  The  Geologists'  Association. 

II. 

The  object  of  the  Association  shall  be  to  facilitate  the  study 
of  Geology  and  its  allied  sciences  by  the  holding  of  Meetings  for 
the  reading  of  Papers  and  the  delivery  of  Lectures,  by  Excursions, 
by  the  formation  of  a  Library,  by  the  publishing  of  Proceedings, 
and  by  such  other  means  in  furtherance  of  the  above  object  as 
the  Council  may  determine. 

in. 

The  Association  shall  consist  of  Ordinary  and  Honorary  Mem- 
bers, both  Ladies  and  Gentlemen  being  eligible  for  election. 

IV. 

Members  shall  have  the  privilege  of  introducing  two  Visitors 
at  the  Ordinary  Meetings  and  Excursions  of  the  Association, 
except  when  otherwise  ordered  by  the  Council,  and  they  shall 
be  entitled  to  the  use  of  the  Library  in  accordance  with  the 
Library  Regulations,  and  to  receive  a  copy  of  the  Circulars  and 
Proceedings  of  the  Association  issued  during  their  membership. 


Every  Candidate  for  admission  as  an  Ordinary  Member  shall 
be  proposed  by  two  or  more  Members,  who  shall  sign  a  certificate 
in  recommendation  of  such  Candidate,  setting  forth  his  or  her 
name  and  place  of  residence ;  the  Proposer  whose  name  stands 
first  upon  the  certificate  shall  have  personal  knowledge  of  the 
Candidate,  and  shall  certify  to  that  effect  upon  the  certificate. 
Proc.  Geol.  Assoc  ,  Vol.  XX,  Part  i,  1906.]  i 
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VI. 

The  certificate  of  the  Candidate  shall  be  read  at  the  Ordinary 
Meeting  following  the  receipt  of  the  same,  and  the  Candidate 
shall  be  submitted  for  election  at  the  succeeding  Ordinary 
Meeting. 

VII. 

The  method  of  voting  for  the  election  of  Ordinary  Members 
shall  be  as  follows:  the  name  shall  be  read  from  the  Chair  and 
the  Candidate  shall  be  declared  duly  elected  unless  a  ballot  is 
demanded,  in  which  case  one  black  ball  in  six  shall  exclude,  but 
no  such  ballot  shall  be  valid  unless  twelve  Members  shall  have 
voted. 

VIII. 

Ordinary  Members  shall  pay  an  Admission  Fee  of  Ten 
Shillings,  and  (except  in  the  case  of  Country  Members  elected 
previous  to  January,  1863)  an  Annual  Subscription  of  Ten 
Shillings,  and  shall  not  be  entitled  to  any  of  the  rights  or  privileges 
of  Membership  until  the  Admission  Fee  and  the  first  Annual 
Subscription  shall  have  been  paid. 

IX. 

Members  may  commute  the  Annual  Subscription  by  a  pay- 
ment of  Seven  Pounds  Ten  Shillings  (excepting  those  Members 
elected  before  November,  1893,  who  may  commute  the  same  by 
a  payment  of  Five  Pounds  Five  Shillings). 

X. 

The  Annual  Subscription  shall  become  due  on  the  ist  of 
January  in  each  year;  in  the  case  of  new  Members,  immediately 
after  election,  but  the  first  Annual  Subscription  of  Members 
elected  during  the  months  of  November  and  December  shall 
cover  the  year  following  that  of  their  election. 

XI. 

Ordinary  Members  whose  Annual  Subscription  is  twelve 
months  in  arrear  shall  not  be  entitled  to  any  of  the  rights  or 
privileges  of  Membership;  and  any  Member  whose  Annual 
Subscriptions  are  two  years  in  arrear  may  be  removed  from  the 
Association  by  the  Council. 

XII. 

Any  Member,  whose  conduct  is,  in  the  opinion  of  the  Council, 
prejudicial  to  the  interests  of  the  Association,  may  be  removed 
from  the  Association  by  the  Council,  by  the  vote  of  a  majority  of 
two-thirds  present  at  a  Meeting  of  the  Council,  on  the  Agenda 
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paper  of  which  the  words  "Removal  of  a  Member''  shall  have 
appeared;  provided  that  no  Member  may  be  so  removed,  unless 
due  notice  has  been  sent  to  him  of  the  intention  of  the  Council 
to  proceed  against  him  under  this  Rule,  and  of  the  nature  of  the 
charges  made  against  him,  and  an  opportunity  has  been  afforded 
him  of  answering  such  charges,  and  of  explaining  his  conduct  to 
the  satisfaction  of  the  Council. 

XIII. 

The  management  of  the  Association  shall  be  vested  in  a 
President,  four  Vice-Presidents,  a  Treasurer,  one  or  more  Secre- 
taries, as  the  Council  may  from  time  to  time  determine,  an 
Editor,  a  Librarian,  and  twelve  other  Members,  who  shall  consti- 
tute a  Council,  to  be  elected  annually  at  the  Annual  General 
Meeting  by  ballot;  provided  that  the  senior  Vice-President,  and 
the  two  senior  Members  of  the  Council  who  shall  not  have  held 
during  the  preceding  year  any  distinctive  office,  shall  not  be 
eligible  for  re-election  as  Vice-President,  or  as  unofficial  Members 
of  the  Council,  respectively,  until  the  next  Annual  General 
Meeting;  and  that  the  new  Council  shall  contain  at  least  four 
Members  who  were  not  Members  of  the  Council  during  the 
preceding  year. 

XIV. 

In  case  of  a  vacancy  arising  in  any  office  of  the  Association, 
or  in  the  Council,  the  Council  shall  have  power  to  fill  up  such 
vacancy  until  the  next  Annual  General  Meeting  of  the  Associa- 
tion. 

XV. 

The  Members  of  the  Council  attending  each  Meeting  of  such 
Council  shall  sign  their  names  in  a  book  kept  for  the  purpose ; 
five  Members  shall  form  a  quorum,  except  as  otherwise  provided 
in  these  Rules. 

XVI. 

The  Council  may  be  sub-divided  into  such  committees  as  are 
<iesirable,  and  may  associate  Members  not  on  the  Council  on  any 
«uch  committees. 

XVII. 

For  the  purpose  of  the  legal  protection  of  the  property  of  the 
Association,  all  the  funds,  books,  specimens,  and  other  property 
of  the  Association  shall  be  vested  in  three  or  more  Trustees,  who 
«hall  be  Members  of  the  Association,  and  shall  be  appointed  by 
the  Council;  provided  that  the  Council  shall  have  power,  by  the 
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vote  of  a  majority  of  its  whole  number,  to  sell  or  otherwise  dispose 
of  any  books,  specimens,  or  other  property  as  may  seem  to  them 
advisable  for  the  benefit  of  the  Association. 

XVIII. 
Minutes  shall  be  kept  of  the  Meetings  of  the  Association  and 
of  the  Council,  and  the  minutes  of  each  Meeting  shall  be  read  as 
the  first  business  of  the  next  ensuing  Meeting  of  the  same  kind. 

XIX. 

The  Ordinary  Meetings  of  the  Association  shall  be  held  on 
the  first  Friday  in  each  month  (except  during  the  months  of 
August,  September,  and  October)  at  eight  o'clock  in  the  evening, 
but  the  Council  may  alter  the  day  and  hour  of  Meeting. 

XX. 

The  Council  may,  whenever  they  think  fit,  and  they  shall,  upon 
a  Requisition  signed  by  not  less  than  twelve  Members,  convene  a 
Special  General  Meeting  of  the  Association.  One  month's  notice 
of  the  date  and  object  of  such  Special  General  Meeting  shall  be 
given  from  the  Chair,  and  a  printed  notice  to  the  same  effect 
shall  be  sent  to  each  Member  of  the  Association  residing  in  the 
United  Kingdom,  not  less  than  seven  days  before  such  Meeting ; 
and  no  business  shall  be  considered  at  such  Meeting  except 
that  for  which  it  was  specially  convened. 

XXI. 

The  Accounts  of  the  Association  shall  be  made  up  to  the 
31st  December  in  each  year,  and  audited  by  two  Auditors,  who 
shall  be  appointed  at  the  January  Meeting;  and  the  Balance- 
sheet  shall  be  submitted,  together  with  a  Report  of  the  general 
progress  of  the  Association  during  the  preceding  year,  to  an 
Annual  General  Meeting,  which  shall  be  held  at  such  hour 
before  the  Ordinary  Meeting  in  February  as  the  Council  shall 
appoint. 

XXII. 

Persons  of  eminence  in  geological  science,  or  who  have  done 
some  special  service  to  the  Association,  may  be  recommended  by 
the  Council  for  election  as  Honorary  Members  at  the  Annual 
General  Meeting,  and  shall,  upon  being  elected,  have  full  rights 
and  privileges  of  Membership,  but  the  number  of  Honorary 
Members  shall  not  exceed  twenty. 

XXIII. 
A  copy  of  these  Rules  fhall  be  sent  to  each  Member  on 
election. 

XXIV. 
No  Rule  shall  be  altered  except  by  a  majority  of  votes  of  those 
present  at  a  Special  General  Meeting  convened  for  that  purpose. 


PROCEEDINGS.  5 

ORDINARY    MEETING. 

Friday,  November  2ND,  1906. 

R.  S.  Herries,  M.A.,  V.P.G.S.  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Arthur  Chichester  Crookshank,  Archibald  Sanford. 

The  evening  was  then  devoted  to  a  Conversazione  and  the 
following  is  a  list  of  the  exhibitors  and  their  exhibits ; 

The  President  .*  A  representative  collection  of  fossils  from  the  Lias  of 
Yorkshire,  arranged  according  to  zones. 

The  Director  of  the  Geological  Survey  :  Maps  and  Memoirs  pub- 
lished by  the  Survey  during  the  past  year. 

G.  F.  Brown  :  Fossils  from  the  Chalk  of  Merstham,  Epsom  and  Ashtead. 

Rev.  R.  Ashington  Bullen  :  Prehistoric  remains  from  Harlyn  Bay,  Corn- 
wall, and  Foraminifera  from  the  Pleistocene  of  Eastern  Crete. 

C.  P.  Chatwin  and  T.  H.  Withers  :  A  series  of  fossils  from  the  Chalk 

selected  to  show  zonal  variation. 

G.  S.  DiBLEY:  Fossils  from  the  Chalk,  including  a  set  of  31  associated  teeth 
of  Ptyckodus  tUcurrtns  from  the  Holasttr  Audg/odosus-zone  of  Durham, 
Kent, 

F.  B.  Edmonds  :  The  TolmSn  (picture),  Constantine,  Cornwall. 

W.  G.  Fearnsides  on  behalf  of  Mr.  T.  O.  Bosworth  :  Fossils  from  the 
Lower  Chalk  of  Cambridge. 

James  Francis  :  Fossils  from  the  Lias  of  the  Yorkshire  Coast. 

J.  W.  GarNHAM  :  Specimens  of  worked  rock-crystul,  jade  etc. 

Prof.  E.  J.  Garwood  :  Models  and  photographs  of  Ticino  Lakes.  Three- 
colour  micro-photographs  of  sections  of  roclcs  and  minerals. 

Miss  M.  S.  Johnston  :  Fossils  from  the  Jurassic  rocks  of  England  and 
of  Bavaria. 

H.  KiDNER  :  Jet,  Fossil  wood,  etc.  from  the  Yorkshire  Coast. 

F.  Lasham  :  Eolithic  and  Palaeolithic  Implements. 

D.  A.  Louis  :  Minerals  from  Cornwall,  and  from  Colorado,  and,  by  special 

permission,  the   Presenution   Portrait  of   Professor  Judd,   pamted   by 
T.  Liddall  Armitage. 
Dr.  H.  C.  Male:  Pleistocene  bones  from  a  cave  at  Clevedon,  with  photographs. 

E.  T.  Newton  :  Specimens  collected  on  Excursions  of  the  Association. 

G.  Potter:  Portrait  of  Toulmin  Smith,  first  President  of  the  Association, 

and  various  prints  of  geological  interest. 
T.  W.  Reader  :  A  series  of  Ammonites  from  the  Lias. 
Dr.  a.  E.  Salter  :  Contoured  map  of  the  northern  counties  of  England  on 

a  scale  of  i-inch  to  2  miles. 
W.  P  D.  Stebbing  :  Rocks  from  Loch  Spiggie,  Shetland. 
A.  Beeby  Thompson  :  Native  Bitumens  and  other  Petroleum  products. 
A.  Todd-White  :  Palaiolithic  Implements,  recently  found  at  Leytonstone. 
Miss  E.  Whitley  :  Lava  and  volcanic  dust  from  the  eruption  of  ycsuvius  in 

1906,  with  photographs,  also  Gabbros  from  the  Saas  V6e  District. 
A.  H.  Williams  :  Rocks  from  the  Lizard  and  other  Cornish  localities. 
W.  Wright  :  Fossils  from  the  Chalk  of  Surrey. 
W.  P.  Young  :    Geological   lantern  slides,  mainly   from   Lyme  Regis  and 

Whitby,  also  photographs  to  illustrate  water-erosion. 
R.  &  J.  Beck,  Ltd  :  Two  Microscopes  and  Objects. 
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ORDINARY    MEETING. 

Friday,  December  7th,  1906. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association :  Rev. 
Robert  Percy  Barron,  Percy  George  Hamnall  Boswell,  Arthur  L. 
Dixon,  Harvey  Collingridge,  B.Sc,  A.M.I.C.E.,  Christopher  C 
Fagg,  Joseph  Green,  Paul  Haas,  D.Sc,  Ph.D.,  William  Henry 
Hamilton,  William  Hay,  Miss  K.  M.  Leeds,  Henry  Edward  New- 
ton, John  Newton,  Rev.  Joseph  Newton,  Harold  Tinker,  Joseph 
Tunstall,  Major  A.  R.  Winsloe,  R.E.,  Thomas  John  Woodrow, 
M.  Yeatman-Wolff,  F.Z.S. 

The  President  referred  to  the  death  of  the  Rev.  J.  F.  Blake, 
and  said  that  the  Council,  at  their  Meeting  on  October  5th,  had 
passed  a  motion  of  sympathy,  and  a  copy  of  the  resolution  had 
been  sent  to  the  members  of  the  family.  He  also  announced 
that  the  Council,  acting  under  Rule  XIV,  had,  on  October  5th, 
appointed  Mr.  E.  T.  Newton  to  be  Vice-President  in  place  of 
Rev.  J.  F.  Blake,  and  Messrs.  T.  V.  Holmes  and  W.  Whitaker  to 
be  members  of  the  Council  to  fill  the  vacancies  caused  by  the 
deaths  of  the  Rev.  J.  F.  Blake  and  Mr.  Percy  Emary. 

The  President  then  said  that  the  Association  had  recently 
suffered  a  further  loss  by  the  death  of  Mr.  Thomas  Leighton, 
which  occurred  very  suddenly  on  November  nth,  within  a  few 
days  of  that  of  his  wife.  Mr.  Leighton  had  acted  for  several  years 
as  Excursion  Secretary  with  great  energy  and  success,  doing  all 
the  work  without  the  assistance  of  a  committee.  His  wide  know- 
ledge of  business  matters  had  also  been  of  great  practical  value  to 
the  Association.  He  then  proposed  the  following  resolution 
which  had  already  been  adopted  by  the  Council : — "The  Council 
and  Members  of  the  Geologists'  Association  having  heard  with 
much  regret  of  the  death  of  Mr.  Thomas  Leighton,  for  several 
years  Excursion  Secretary  of  the  Association,  beg  to  tender  their 
sincere  sympathy  with  his  family  in  their  bereavement." 

The  resolution  was  carried  and  ordered  to  be  entered  on  the 
Minutes,  and  a  copy  sent  to  the  family  of  the  late  Mr.  Leighton. 

The  following  paper  was  read  : — "  The  Zones  of  the  White 
Chalk  of  the  English  Coast,  part  V,  The  Isle  of  Wight."  by 
Dr.  Arthur  W.  Rowe,  F.G.S.  The  paper  was  illustrated  by 
lantern  slides  and  diagrams. 

At  the  conclusion  of  the  Paper,  Mr.  C.  Davies  Sherborn 
described  the  diagrams  which  were  exhibited.  The  President 
then  expressed  the  thanks  of  the  Association  to  the  Author,  and 
a  discussion  followed  in  which  Mr.  H.  J.  Osborne  White  and 
Mr.  G.  W.  Young  took  part. 
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ORDINARY    MEETINC;. 

Friday,  January  4TH,  1907. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Albert  Henry  Hill,  Alescander  Frederick  Hogg,  M.A.,  Peter 
Mclntyre,  James  Stephen  Neil,  Mrs.  Dalton  Pontifex 

Messrs.  H.  Kidner,  F.G.S.,  and  J.  V.  Elsden,  F.G.S.,  were 
appointed  Auditors  of  the  Accounts  of  the  Association  for  1906. 

A  lecture  was  given  by  Horace  Woollaston  Monckton, 
V.P.L.S.,  F.G.S.,  entitled  "On  a  Norw^ian  Snowfield  and  its 
Glaciers.''  It  was  illustrated  by  a  series  of  lantern  slides  from 
photographs  taken  by  the  lecturer  for  the  most  part  during  the 
past  summer  showing  views  of  the  great  Snowfield,  Jost^lals- 
brae,  and  of  the  following  Glaciers  which  flow  down  from  it. 
Lundebrae,  Maelkevoldbrae,  Brigsdalsbrae,  Kjendalsbrae,  Suphelle- 
bne,  and  Bojumsbrx. 

The  Lecture  was  followed  by  a  discussion  in  which  the 
President,  Mr.  G.  W.  Young,  Mr.  W.  \Vhitaker,  and  Mr.  Corcoran 
took  part     Mr.  Monckton  briefly  replied. 
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Friday,  February  ist,  1907. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

Messrs  F.  Nichols  and  F.  Morey  were  appointed  Scrutineers 
of  the  ballot 

The  following  report  of  the  Council  for  the  year  1906  was 
then  read : 

THE  numerical  strength  of  the  Association  on  December  31st, 
1906,  was  as  follows  : 

Honorary  Members 15 

Ordinary  Members — 

a.  Life  Members  (compounded).  .  .  .169 
d.  Old  Country  Member  (5s.  Annual  Subscription)  i 
c.     Other  Members  (ids.  Annual  Subscription)      .      434 

Total  .         .        .        .        619 

This  shows  an  increase  of  twenty-five  members  as  compared 
with  the  corresponding  figures  for  the  previous  year,  and  it  is 
noteworthy  that  this  is  the  first  time  the  Association  has  reached 
a  membership  of  over  600. 

During  the  year  forty-nine  new  members  were  elected. 

The  Council  regret  that  the  Association  has  lost  an  unusually 
large  number,  no  fewer  than  twelve,  by  death  during  the  year. 
Amongst  them  were  some  of  the  oldest  and  best  known  of  our 
members,  including  two  members  of  the  Council.  The  names 
are :  Rev.  J.  F.  Blake,  Frank  Chapman,  Charles  Baron  Clarke, 
Henry  Dewes,  Percy  Emary,  (leorge  Frederick  Harris,  Thomas 
Leighton,  Joseph  Puckett,  Arthur  R.  Rayden,  George  J.  Smith, 
Charles  Southwell,  and  James  Wadeson. 

Prof.  J.  F.  Blake,  M.A.,  F.G.S.,  died  July  7th,  1906,  aged  67 
years.  In  him  the  Association  has  lost  one  of  its  most  active  and 
gifted  members.  A  full  obituary  notice  appears  in  the  Geological 
Magazine  for  September,  1906,  but  the  following  particulars  may 
be  of  interest.  He  was  an  Old  Blue-Coat  boy,  and  proceeding 
from  Christ's  Hospital  to  Caius  College,  Cambridge,  he  became 
15th  Wrangler  in  1862  also  taking  first  place  in  the  Natural 
Science  Tripos  in  the  same  year.  He  joined  the  Association  in 
1875,  edited  the  Proceedings  for  1881  and  1882,  and  was  Presi- 
dent for  1 891-3.  In  1895  the  Lyell  Medal  was  awarded  to  him 
by  the  Geological  Society. 
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He  was  a  man  of  untiring  energy,  and  his  geological  works 
were  very  numerous,  several  important  ones  having  been  con- 
tributed to  our  Proceedings,  amongst  which  may  be  particularly 
mentioned : 

"  On  the  Chalk  of  Yorkshire/'  vol.  v,  part  5. 
'*  On  the  ClassiBcation  of  Rocks,"  vol.  \'i,  part  9. 
'^The  N.W.  Highlands  and  their  Teachings/'  vol.  viii,  part  8. 
**  The  Volcanoes  of  luly/'  vol.  xi,  part  4. 

^  Geology  of  Country  between  Redcar  and  Bridlington/'  vol.  xii,  part  4. 
***  The  Evolution  and  Classification  of  the  Cephalopoda/*  vol.  xii,  part  7. 
"  Sketch  of  the  Geology  of  Carnarvonshire  and  Anglesey/*  vol.  xii,  parts 
9  and  10. 

***On  the  bases  of  the  Classification  of  Ammonites/'  vol.  xiii,  part  3. 

He  also  wrote  reports  of  the  many  Excursions  of  which  he  was 
Director.  He  was  a  frequent  exhibitor  at  the  Annual  Con- 
versazione, and  his  death  leaves  a  gap  in  the  ranks  of  the 
Association  which  it  will  be  hard  to  fill. 

Charles  Baron  Clarke,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.,  joined 
the  Association  in  1897.  Although  taking  considerable  interest 
in  Geology  he  was  much  better  known  as  a  botanist.  He  was  a 
keen  observer,  and  during  a  long  residence  in  India  he  devoted 
his  leisure  to  the  study  of  the  vegetation  of  the  Far  East,  upon 
which  he  was  recognised  as  an  authority.  For  the  last  thirty  years 
he  paid  particular  attention  to  the  Sedges  (Cyperaceae)  and  has 
left  an  immense  amount  of  manuscript  descriptions  of  this  difficult 
family.  He  was  President  of  the  Linnean  Society  from  1894 
to  1 896.  Despite  his  age  (74  years)  he  was  exceedingly  active  and 
frequently  attended  the  Excursions  of  the  Association,  the  last 
being  to  Ightham  on  July  21st,  less  than  a  month  before  his  death, 
when  he  appeared  to  be  in  the  best  of  health. 

In  Percy  Emary,  F.G.S.,  our  late  Secretary,  the  Association 
has  lost  a  zealous  and  efficient  officer.  He  joined  in  1893,  and 
was  appointed  Secretary  in  June,  1897,  which  post  he  held  until 
his  death  in  May  last,  at  the  early  age  of  38.  During  this  long 
period  of  nearly  nine  years  he  gave  unremitting  attention  to  the 
onerous  duties  of  the  office.  He  was  a  member  of  the  Clerical 
Staff  of  the  Education  Department  of  the  London  County 
Council,  and  was  Assistant  Lecturer  on  (ieology  at  the  Birkbeck 
Institute.  He  was  elected  a  Fellow  of  the  Geological  Society  in 
1897.  An  appreciative  notice  by  the  President  will  be  found  in 
the  Proceedings,  vol.  xix,  p.  446. 

George  Frederick  Harris,  F.G.S.,  was  elected  in  1884,  and 
served  as  a  member  of  the  Council  in  1887.  He  had  not 
of  late  attended  many  of  the  meetings  of  the  Association,  but 
his  position  as  Lecturer  on  Geology  at  the  Birkbeck  Institute 

•Presidential  Address. 
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brought  him  into  close  connection  with  many  of  our  younger 
geologists.  In  conjunction  with  Mr.  H.  W.  Burrows  he  wrote 
an  exhaustive  paper,  "  On  the  Eocene  and  Oligocene  Beds  of  the 
Paris  Basin,"  which  was  published  as  a  separate  paper  by  the 
Association.  It  is  a  work  of  patient  research,  and  invaluable  to 
anyone  visiting  the  district  (see  also  GcoL  Mag,^  September, 
1906). 

Thomas  Leighton,  F.G.S.,  who  joined  in  i886,  was  at  one 
time,  perhaps,  the  most  active  member  of  the  Association. 
During  the  years  1890  to  1896  he  acted  as  sole  Excursion 
Secretary  without  the  help  of  a  Committee,  a  position  that 
demanded  an  enormous  amount  of  harassing  work,  which  he 
cheerfully  undertook  and  successfully  carried  out.  His  position 
as  the  head  of  a  leading  firm  of  bookbinders  enabled  him  to  give 
frequent  help  to  the  Editor  and  others  on  matters  connected 
with  the  book-trade,  and  this  practical  experience  was  of  great 
value  to  the  Association.  He  contributed  papers  to  the 
Proceedings  dealing  with  the  Lower  Greensand  of  Surrey  and 
of  the  Isle  of  Wight  and  on  sections  at  Dulwich,  and  he  con- 
ducted several  excursions  in  Surrey,  and  also  one  to  the  Tertiary 
area  of  the  Isle  of  Wight. 

In  G.  J.  Smith  and  J.  Wadeson  the  Association  loses  two  of 
its  oldest  members,  the  former  having  been  elected  in  1859  and 
the  latter  in  1862. 

The  finances  of  the  Association  continue  to  be  in  a  satis- 
factory condition.  The  income  in  1 906  was  slightly  larger  than 
in  1905.  An  increase  was  shown  in  admission  fees,  in  annual 
subscriptions,  and  in  the  proceeds  from  the  sale  of  publications. 
On  the  other  hand,  there  was  a  drop  of  £\o  in  life  com- 
position fees.  During  the  year  jQ^o  was  invested,  which  brings 
the  total  invested  capital  of  the  Association  to  ;£i,2i7  2s.  6d. 
Nottingham  Corporation  Stock,  which  is  worth  at  current  prices 
about  ji^i,o95,  and  is  equal  to  a  sum  of  nearly  jQ6  ids.  in  respect 
of  each  living  compounder.  The  ordinary  expenditure  for  the 
year  1906  amounted  to  £2^^  2s.  5d.,  as  compared  with 
;£224  14s.  3d.  for  1905. 

The  Proceedings  of  the  year  have  been  issued  in  4  numbers, 
which  practically  complete  the  nineteenth  volume.  They 
comprise  233  pages  of  text,  6  plates,  and  31  figures.  The  thanks 
of  the  Association  are  due  to  the  several  authors  for  their 
communications,  and  also  to  Dr.  A.  Smith  Woodward,  F.R.S., 
for  the  loan  of  blocks  and  preparation  of  drawings,  to  the 
Director  of  the  Geological  Survey  for  allowing  the  Geological 
Map  of  the  Lummaton  and  Barton  District  to  be  adapted  from 
the  Survey  Map,  to  W.  P.  Young,  Esq.,  F.R.M.S.,  and  H.  W. 
Monckton,  Esq.,  F.L.S.,  F.G.S.,  for  photographs  taken  at  Lyme 
Regis,  and  to  Godfrey  Bingley,  Esq.,  for  photographs  lent  to 
illustrate  the  report  of  the  Yorkshire  Excursion. 
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The  additions  to  the  library  for  the  year  include,  beside  the 
usual  serial  publications  received  in  exchange,  several  reprints 
of  papers  presented  by  the  authors,  together  with  the  volumes 
of  the  British  Museum  Catalogue,  and  the  Geological  Survey 
Memoirs,  published  during  the  year,  and  thanks  are  due  to 
the  various  donors. 

An  expenditure  of  about  /^i  has  been  incurred  on 
binding,  but  there  are  still  many  arrears.  The  proposal  to  hand 
over  the  Library  to  University  College  alluded  to  in  last  year's 
Report  was  considered  at  a  Special  General  Meeting  on  July  6th, 
and  carried  by  a  large  majority.  In  accordance  with  this 
resolution  the  Library  has  been  offered  to  University  College 
and  accepted  by  them  on  the  terms  proposed  by  the  Association, 
and  a  deed  legalising  the  transfer  is  in  course  of  preparation. 

The  following  is  a  list  of  the  papers  read  at  the  evening 
meetings. 

"The  Study  of  Fossil  Fishes"  (Presidential  Address),  by  A.  Smith 
Woodward,  LL.D.,  F.R.S.,  F.L.S.,  F.G.S. 

"  Remarks  on  the  Upper  Chalk  of  Surrey/*  by  A.  J.  Jukes-Bkqwne. 
B.A..F.G.S. 

"  The  Devonian  Limestones  of  Lummaton  Hill,  near  Torquay,"  by  A.  J. 
Jukes-Brownk,  B.A.,  F.G.S. 

**  Note  on  an  Ostracodal  Limestone  from  Durlston  Bay,  Dorset,'*  by 
Frederick  Chapman,  A.L.S.,  F.R.M.S. 

"The  Felsitic  Agglomerate  of  the  Charnwood  Forest,"  by  F.  W. 
Bennett,  M.D.,  B.Sc 

"  On  the  occurence  of  Quartzosc  Gravel  in  the  Reading  Beds  at  Lane  End, 
Bucks"  by  H.  J.  Osborne-White,  F.G.S. 

*'0n  the  Higher  Zones  of  the  Upper  Chalk  in  the  Western  Part  of  the 
London  Basin,"  by  Ll.  Treacher,  F.G.S.,  and  H.  J.  Osborne-White, 
F.G.S. 

"  The  Geology  of  the  Yorkshire  Coast  between  Redcar  and  Robin  Hood's 
Bay,"  by  the  President,  R.  S.  Herries,  M..\.,  V.P.G.S. 

*'  The  Rhaslic  and  contiguous  Deposits  of  Devon  and  Dorset,"  by 
L.  Richardson,  F.G.S. 

"  The  Zones  of  the  White  Chalk  of  the  English  Coast,  Part  V.,  the  Isle  of 
Wight,"  by  Dr.  Arthur  W.  Rowe,  F.G.S. 

Lectures  were  delivered  by  Horace  W.  Monckton,  V.P.L.S.,  F.G  S.  **On 
the  Geology  of  the  country  around  the  Sogne  Fjord  and  the  Hardanger 
Fjord,  Norway  ;  "  by  S.  Hazzledine  Warren,  F.G.S.,  on  "  The  Pressure- 
chipping  of  Flint,  and  the  question  of  Eolithic  .Man "  (with  a  practical 
demonstration  of  the  process),  and  by  G.  W.  Lamplugh,  F.R.S.,  F.G.S.,  on 
*•  The  Erosion  of  the  Batoka  Gorge  of  the  Zambesi." 

The  thanks  of  the  Association  are  due  to  all  these  gentlemen. 

During  the  year  twenty  excursions  have  been  made,  com- 
prising three  Museum  visits,  eight  half-day  and  six  whole-day 
excursions,  besides  the  three  longer  excursions,  at  Easter,  \Vhitsun, 
and  the  end  of  July. 
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The  following  is  a  list  of  the  dates,  localities,  and  directors : 


Date. 
March  10 

March  17 

March  24 
March  31 
April  7 

April  13  to  17 
(Easier) 

April  2S 

AUyS 
May  12 


May  19 


Place. 
British  Museum  (Nat.  Hist.) 

Essex    Museum    of    Natural 

History. 
Mr.  Dibfey's  (Collection 
Whetstone  and  N.  Finchley 
Ingatestone,  etc. 

Lyme  Regis 


East  Wickham 

Ashstead  and  Headley 
Boxford  and  Winterbournc 


Battle  and  Netherfield 
Ayot  Green  and  Hatfield 
Isle  of  Wight 


Stamford,  Kelton,  and  Colly- 

weston 
I^wes 

Shere  and  Albury 
Danbury  and  Little  Baddow 

(by  invitation  of  the  Essex 

Field  Club.) 


Bentley«  Suffolk 
Ightham 

July  23  to  31  Yorkshire     Coast     (Whitby 

(Long  Excursion)      District) 
September  15  Rayleigh  Hills 


May  26 


June  2  to  6 
(Whitsun) 

June  16 

June  23 
June  30 
July  7 

July  14 
July  21 


Directors. 

Dr.  A.  Smith  Woodward, 

F.R.S.,  F.G.S. 
W.  Cole,  F.L.S.,  F.E.S. 

G.  E.  Dibley.  F.G.S. 
Griffith  Humphreys. 
A.     E.     Salter,     D.Sc, 

F.G.S. 
Horace    B.    Woodward, 

F.R.S.,    F.G.S.,    and 

G.  W.  Young,  F.G.S. 
A.  L.  Leach,  and  B.  C. 

Polkinghorne.  B.Sc. 
G.  W.  Young,  F.G.S. 
H.    J.    Osbome-Whilc» 

F.G.S.,      and       LI. 

Treacher,  F.G.S. 
W.       Whitaker,      B.A. 

F.R.S.,    F.G.S.,    and 

E.  J.  Baily 
H.  W.  Monckton,  F.L.S., 

F.G.S.,  and    J.   Hop- 

kinson,  F.L.S.,  F.G.S. 

The    President.    G.   W. 

Colenutt,   F.G.S.,   and 

R.  W   Hooley,  F.G.S. 
Bee  by         Thompson, 

F.G.S.,  F.C.S. 
G.  E.  Dibley,  F.G.S. 
The  President. 
A.     E.     Briscoe,     B.Sc. 

Miller  Christy,  F  L.S. 

W.Cole.  F.L.S., F.E.S. 

T.  W.  Reader,  F.G.S., 

and     A.     E.     Salter, 

D.Sc,  F.G.S. 

E.  P.  Ridley,  F.G.S. 

F.  J.    Bennett,    F.G.S., 
and  B.  Harrison. 

The  President. 

A.     E.     Salter,     D.Sc, 
F.G.S. 


Detailed  reports  of  these  excursions  will  be  found  in  the 
Proceedings. 

No  special  Cycling  Excursions  have  been  arranged  during  the 
past  year,  they  not  having  been  well  attended  in  former  seasons. 

The  difficulty  in  getting  attractive  half-day  excursions  has  led 
to  an  increase  in  the  number  of  whole  day  excursions,  and  this 
course  has  been  justified  by  results,  a  very  early  start  alone 
being  unpopular. 
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The  attendance  at  the  Easter  Excursion  was  a  record  one,  and 
that  at  the  Whitby  Excursion  was  smaller  than  would  have  been 
the  case  had  it  not  been  held  rather  earlier  than  usual  to  suit  the 
exigencies  of  the  tide,  but  this  did  not  detract  from  the  great 
interest  of  the  excursion. 

The  cost  to  the  Association  in  the  past  year  owing  to  guarantee 
of  reduced  fares  was  j£i  17  s.  9d. 

The  Excursion  Committee  think  it  desirable  in  future  that 
more  copies  of  the  Long  Excursion  Pamphlet  should  be  prmted 
and  a  certain  number  left  on  sale  with  the  principal  bookseller  in 
the  town  where  the  excursion  is  held.  This  course  was  adopted 
last  year  at  Whitby  and  proved  very  successful  financially,  and 
will,  they  think,  tend  to  increase  the  membership  of  the  Associa- 
tion. 

The  Committee  suggest  that  it  would  add  to  the  interest  of  the 
longer  excursions  if  one  or  two  of  the  members  attending  made 
a  special  effort  to  get  together  a  representative  collection  of  speci- 
mens and  photographs  illustrating  the  excursion  for  exhibition 
at  the  November  soiree. 

The  Excursion  Secretaries  responsible  for  the  organization  of 
the  excursions  have  been  Messrs  G.  E.  Dibley,  H.  Kidner,  T.  W. 
Reader,  W.  P.  D.  Stebbing,  A.  H.  Williams,  G.  W.  Young  and 
A.  C.  Young. 

Thanks  are  due  to  the  Directors  of  the  Excursions  and  also 
to  the  following  for  assistance  and  hospitality :  Mrs.  Dibley  at 
Sydenham,  Mr.  and  Mrs.  AUhusen,  and  Sir  Wilfrid  Peek,  Bart.,  at 
Lyme  Regis,  Mr.  J.  Dewhirst  at  Ingatestone  and  Great  Baddow, 
Mr.  H.  W.  Kemp  at  Netherfield,  Mrs.  Colenut  at  Ryde,  Miss 
Spottiswoode  at  Shere,  The  Essex  Field  Club  and  Mrs.  Briscoe 
at  Danbury,  Mrs.  Booth  and  Messrs.  Boswell  and  Batchelder 
at  Bentley,  Rev.  Canon  Austin  and  Messrs.  T.  Newbitt  and 
W.  H.  Hamilton  at  Whitby,  and  also  to  the  Director  of  the 
Geological  Survey  for  the  one-inch  Geological  Maps  published 
during  the  year. 

The  following  are  the  changes  in  the  house  list  : 

Mr.  H.  W.  Monckton  retires  from  the  Vice-Presidency  ;  Dr.  A, 
E.  Salter  finds  himself  compelled  to  resign  the  Editorship  ;  and 
Dr.  J.  S.  Flett,  Miss  M.  Healey,  Dr.  F.  L.  Kitchin,  and  Miss 
E.  Pearse,  retire  from  the  Council. 

Thanks  are  due  to  all  of  these  for  the  assistance  they  have 
rendered  in  carrying  on  the  business  of  the  Association  and 
especially  to  Dr.  Salter  for  the  excellent  way  in  which  he  carried 
out  the  duties  of  Editor. 

It  was  moved  by  Mr.  Griffith  Humphreys,  seconded  by  Mr. 
J.  Barrow  and  resolved,  "  That  the  Report  just  read  be  adopted 
as  the  Annual  Report  of  the  Association  for  the  year  1906, 
including  the  statement  of  account." 
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The  scrutineers  reported  that  the  following  had  been  duly 
elected  as  Officers  and  Council  for  the  ensuing  year  : 

President  : 
R.  S.  Hemes,  M.A.,  V.P.G.S. 

Vice-Presidents  : 


Upfield  Green,  F.G.S. 

E.T.  Newton,  F.R.S.,  F.G.S. 


Capi.  A.  W.  Stiffe,  F.G.S. 
A.    Smith    Woodward,   LL.D. 
F.R.S.,  F.L.S.,  F.G.S. 


Treasurer  : 

R.  Holland. 

Secretaries  : 

G.  W.  Young,  F.G.S.  |  A.  C.  Young,  F.C.S. 

EorroR : 

H.  W.  Monckton,  V.P.L.S.,  F.G.S.,  F.R.N.S. 

Librarian  : 
Prof.  E.  J.  Garwood,  M.A.,  F.G.S. 

Twelve  other  Members  of  Council  : 

T.  W.  Reader,  F.G.S. 
A.  E.  Salter,  D.Sc,  F.G.S. 


H.  A.  Allen,  F.G.S. 

C.  W.   Andrews,  D.Sc,  F.R.S., 

F.G.S. 
G.E.Dibley.  F.G.S. 
T.  V.  Holmes,  F.G.S. 
Miss  M.  S.  Johnston. 
H.  Kidner,  F.G.S. 


W.  P.  D.  Siebbing,  F.G.S. 

LI.  Treacher,  F.G.S. 

Prof.  W.  W.  Watts,  M.A.,  M.Sc, 

FR.S.,  F.G.S. 
W.  Whiuker,  B.A.,  F.R.S.,  F.G.S., 


The  best  thanks  of  the  Association  were  voted  to  the  retiring 
Officers,  and  Members  of  Council,  and  also  to  the  Auditors  and 
Scrutineers. 

The  President  then  delivered  his  Address,  entitled,  "The 
Constitution  and  Management  of  Scientific  Societies." 

On  the  motion  of  Mr.  W.  Whitaker,  F.R.S.,  seconded  by  Dr. 
A.  Smith  Woodward,  F.R.S.,  it  was  resolved ;"  That  the 
President's  Address  just  read  be  printed  in  extenso." 

This  terminated  the  Annual  Meeting. 


ORDINARY    MEETING. 

Eridav,  February  ist,  1907. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

"^  The  following  were  elected  members  of  the  Association  : 
Walter  Johnson,  F.G.S.,  Frank  Pickford,  M.A.,  William  H, 
Seabrook,  Miss  Caroline  E.  Shuckburgh,  Miss  Mary  C.  Sturgeon, 
J.  W.  Vaughan. 

There  being  no  further  business  the  meeting  terminated. 
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THE    CONSTITUTION    AND    MANAGEMENT 
OF    SCIENTIFIC    SOCIETIES. 

By  R.  S.   HERRIES.  MA.,    V.P.G.S. 
(Presidential  Address  delivered  February  tst,  1907.) 

IT  is  not  the  custom  with  us,  as  in  some  societies,  for  the 
President  to  embody  in  his  annual  address  obituary  notices  of 
the  members  we  have  lost  by  death.  These  losses  are  men- 
tioned, instead,  in  the  Annual  Report  of  the  Council,  and  short 
accounts  are  given  of  those  who  have  been  most  prominent. 
But  before  entering  upon  the  subject  of  my  address  this  evenings 
and  without  wishing  to  create  any  precedent,  I  cannot  refrain  from 
noticing  the  exceptional  losses  we  have  sustained  during  the  past 
year,  including  as  they  do  our  Secretary,  one  of  our  Vice- 
Presidents  who  had  served  his  term  in  this  chair,  a  former 
Excursion  Secretary,  one  of  the  authors  of  the  excellent  work  on 
the  Paris  Basin  published  by  the  Association,  and  several  other  old 
friends.  They  are  all  named  in  the  Report  you  have  heard  read,  but 
I  should  like  also  to  remind  you  of  the  death  of  one  who,  though 
not  one  of  our  members,  was  well-known  to  most  of  us  as  a 
leader  of  our  excursions  and  contributor  to  our  Proceedings. 
I  refer  to  Mr.  J.  G.  Goodchild,  whose  death  took  place  on 
February  21st  last  year,  soon  after  our  Annual  Meeting.  He 
acted  as  Director  of  the  Long  Excursion  on  three  occasions,  viz., 
in  1889  to  West  Cumberland,  in  1897  on  the  Edinburgh 
Excursion,  and  in  1 903  to  Berwick-on-Tweed.  He  had  a  genius 
for  conducting  excursions,  and  though  his  views  were  sometimes 
heretical  he  was  a  very  able  geologist,  and  a  good  friend  of  the 
Association. 

It  is  customary  on  the  death  of  an  ex-President,  or  any  other 
member  who  has  rendered  signal  service  to  the  Association,  for 
the  President  to  make  some  reference  to  the  occurrence  on  the 
first  opportunity.  Such  references  I  made  at  our  meetings  in 
June  and  December,  on  the  occasions  of  the  deaths  of  Mr.  Emary 
and  Mr.  Thomas  Leighton,  but  it  so  happened  that  Professor 
Blake's  death  took  place  on  July  7th,  the  day  after  our  last 
meeting  of  the  session.  No  opportunity,  therefore,  arose  to  refer 
to  it  till  November,  and  as  that  was  the  conversazione  I  thougtit 
it  better  to  reserve  what  I  had  to  say  until  the  Annual  Meeting, 
though  I  was  able  to  discharge  my  own  personal  obligation  to 
him  in  a  note  to  the  paper  I  prepared  for  the  Yorkshire  Coast 
Excursion.  You  have  already  heard  the  details  of  Professsor 
Blake's  life  and  connection  with  this  Association  in  the  Report, 
and  the  titles  of  his  principal  papers  are  there  given.  Undoubtedly 
his  chief  claim  to  the  title  of  a  distinguished  geologist  rests 
on  the  work  he  did  among  the  Jurassic  Rocks.     His  monographs 
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on  the  Kimeridge  Clay,  the  Portland  Rocks,  the  Corallian  Rocks 
(with  Mr.  Hudleston),  and  the  Yorkshire  Lias  (with  the  late 
Professor  Tate),  are  monuments  of  accuracy  and  research. 
Though  he  afterwards  travelled  into  other  fields  it  was  always  to  the 
Jurassic  or  Cretaceous  that  he  loved  to  return,  and  his  first 
paper  that  I  have  a  note  of  was  published  in  1870  in 
the  Proceedings  of  the  Yorkshire  Naturalists'  Club,  on  the 
Red  Chalk,  while  his  last  work  was  the  monograph  begun  in 
1905  for  the  Palseontographical  Society  on  the  Combrash,  which 
he  did  not  live  to  finish.  During  all  that  time  there  are  only 
two  years,  1895  ^^^  ^^9^  (when  he  was  in  India),  in  which  I  do 
not  find  that  something  from  his  pen  was  published,  from  which 
may  be  gathered  the  voluminous  character  of  his  writings.  He 
had  an  eminently  critical  mind,  and  was  never  content  to  take 
things  for  granted,  whether  it  was  the  orthodox  view,  or  some 
heterodoxy  which  was  attracting  geologists.  There  was  no  sub- 
ject too  difficult  for  him,  and  during  the  last  twenty-five  years 
there  was  hardly  a  controversy  into  which  he  did  not  plunge  with 
his  characteristic  energy.  It  is  enough  to  roentfon  the  rocks  of 
St  David's,  the  North  West  Highlands,  Ai^lesey  and  Carnarvon- 
shire, the  Shropshire  Cambrians  and  Pre-Cambrians  among  the 
older  rocks,  and  the  Isle  of  Wight  Oligocene  controversy  raised 
by  Professor  Judd,  and  the  Moel  Tryfaen  shell  bed  among  the 
later  deposits.  We  must  remember,  too,  that  he  brought  out  four 
volumes  of  the  Annals  of  British  Geology,  a  work  which  alone 
would  have  taken  the  whole  time  of  most  men.  He  was  aLv>  a  good 
palaeontologist,  and  had  made  a  special  study  of  the  Cephalo^joda, 
some  of  the  results  of  which  he  laid  before  this  Association  in  the 
two  able  presidential  addresses  which  he  delivered  here.  Perhaps 
the  work  by  which  he  hoped  to  go  down  to  fame  was  that  which  he 
did  on  the  Anglesey  rocks,  to  which  he  gave  the  name  of  Monian, 
but  his  views  on  this  and  on  the  Carvarnonshire  area  did  not  meet 
with  general  acceptance  among  other  workers  in  the  same  field, 
and  possibly  it  is  still  too  soon  to  judge  his  work  there,  which 
may  perhaps,  as  has  so  often  happened,  be  more  highly  thought 
of  by  those  that  come  after  than  by  his  contemporaries.  Still, 
be  that  as  it  may,  the  work  he  did  amongst  the  Secondary  Rocks, 
and  his  contributions  to  palaeontology,  will  entitle  him  to  a  high 
place  among  the  eminent  geologists  of  his  time. 

Blake  had  a  great  regard  for  the  Association,  and  was  a 
persona  grata  to  its  members.  He  was  President,  he  edited  the 
Proceedings,  he  was  several  times  Vice-President  and  hardly 
ever  ofi"  the  Council.  I  find  that  including  reports  of  excur- 
sions at  least  twenty-three  of  his  papers  were  published  in  our 
Proceedings,  two  being  Presidential  Addresses.  As  a  director 
of  excursions  he  was  indefatigable.  When  President  he  conducted 
five  out  of  the  six  Long  Excursions  during  his  two  years  of  office. 
We  all  remember  his  short,  quick  step,  and  the  marvellous  rapidity 
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with  which  he  got  over  the  ground,  and  the  almost  boyish  enthu- 
siasm with  which  he  threw  himself  into  the  work  of  fossil  collecting 
in  the  quarry  or  on  the  shore.  It  was  with  sorrow  that  we  noted 
the  change  coming  over  him  during  the  last  year  of  his  life,  par- 
ticularly at  the  I,landrindod  Wells  Excursion,  and  when  the  end 
came,  rather  suddenly  at  the  last,  we  realised  that  the  Association 
had  lost  one  of  its  truest  friends. 

By  a  long-standing  custom  there  is  imposed  on  anyone  who 
accepts  the  office  of  President  of  a  Scientific  Society  the  task  of 
at  least  once  a  year  addressing  those  who  have  conferred  that 
high  honour  upon  him.  Sometimes  this  duty  is  performed  as  an 
inaugural  address  at  the  beginning  of  the  term  of  office,  but  in 
other  cases,  as  in  our  Association,  the  burden  hangs  round  the 
neck  of  the  President  like  a  millstone  throughout  the  whole  year. 
If  he  tries  to  forget  it  some  officious  friend  is  sure  to  remind  him 
of  it  by  trying  to  find  out  what  he  is  going  to  talk  about  I  say 
talk,  because  when  a  short  time  ago  our  Editor  mentioned  to  me 
that  he  had  no  copy  in  hand  for  the  February  number  of  the 
Proceedings,  and  suggested  that  it  would  be  convenient  if  he 
could  send  my  address  to  the  printers  at  once,  I  was  obliged  to 
confess  that  I  had  not  written  a  word.  I  then  felt  somewhat  in 
the  position  of  those  secretaries  of  slate-clubs,  of  whom  we  have 
heard,  who,  when  the  time  comes  for  sharing  out,  do  not  feel 
inclined  to  meet  their  fellow-members,  and  I  was  much  tempted, 
as  the  Annual  Meeting  came  nearer  and  nearer,  to  play  the  part 
of  the  missing  President,  in  which  case  I  am  sure  that  one  of 
your  able  Vice-Presidents  would  have  risen  to  the  occasion  and 
delivered  a  most  excellent  address  on  the  spur  of  the  moment. 

But  I  remembered  that  though  this  hard  task  was  laid  on  the 
President  no  limitations  were  placed  on  his  choice  of  a  subject, 
and  that,  whatever  he  might  choose  to  talk  about,  you  would  as 
in  duty  bound  listen  to  him.  I  also  reflected  that  the  Association 
audience  was  very  indulgent,  and  that  it  was  even  possible  that 
our  excellent  Secretary  before  hearing  a  word  of  the  address 
would  have  found  a  proposer  and  seconder  for  a  motion  that  it 
be  printed  in  the  Proceedings.  I  therefore  plucked  up  heart 
and  determined  to  go  through  the  ordeal. 

The  subject  I  have  chosen,  namely,  "  The  Constitution  and 
Management  of  Scientific  Societies,"  though  not  strictly  geological, 
has  at  any  rate  an  important  bearing  on  the  Science ;  and  as  I 
have  been  serving  on  your  Council  continuously  for  the  last 
fourteen  years  and  on  that  of  another  Society  for  almost  as  long, 
in  both  cases  for  a  considerable  part  of  the  time  as  an  executive 
officer,  it  does  not  seem  to  me  amiss  that  I  should  give  you  some 
notes  on  the  experience  that  I  have  thus  gained. 

I  have  divided  the  subject  into  two  heads,  and  by  Constitu- 
tion I  mean  such  fundamental  things  as  the  name  and  object  of 
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cc  M.  SsaasK^  ^a±  daSBsesic.  j'^smmm^  ^jf  mesDhess  jmL  die 
iur  axeoiiuEsmg..  die  TSCsbiishnMsir  jsnxi  ^oviesrs  ji 
zbfr  g£^Ay!;.:ii:ic  oiu^  mbL  dxit  rrgtir  oi  maies:  jud  ^^^rr  mies  - jr  3ye< 
awiz  ^5  Xtmiig'TTii'Tr  E  ausm.  inrh  rnimstpngi  nsoters  js  rtie 
gmtnu  rrrtrra-r  ■if  ±e  Suzei^'i  afarr,  die  snt  'jf  its  ^rooem-, 
cae  pnyytmrngjc  lis  .Tnwrm^  dutoantzibiinons  «jf  memoias^  ±e 
larrJTr-ar  iyt»rrnaf  v  ^iiiiiii  die  TTngrmnQBgl  liimcs)  jf  Aincmj-^ 
bod:  ire  anfmntr^  2111  die  jgw!mTng  'mem 

I>grT!g  :3e  Jiac  isnT^ieaEs  duset  ass  jtasi  -mirh  disenssion  jnd 
f?r?rvrwTT  jnfiiw'  yf  ^mfmT  |*f  gzivotEL  oiiidisr bflth  difiselieafis  :n  ooonv 
SfTryf>!s  F^0iL  in  JBTtL  imiL  die  BLiPfoi  Sucesy  dawnwards*  bave 
t^vimd.  iii:iiig*T  E  iriiwa:  ^ve  iiaiye  oesn  Jiure  tbitunote  rhin 
orS— ^  31  :2;c  oeapetr,  I  iiiipe  in  die  iiilawin^  nemarks  zo  ieoi 
vxf:  A  a»r  ^  die  nuinis  ■mui±L  iisve  cussa  raist^d  liom  ame  :o 


ii  3  ggTmyhie  aa  ijoncaive  x  soceev  in  its  iimpiest  fonn  ^rh 
nrragr  mits%  3ur  x  si^msnm^  lady.  JL  rew  ictuients  'jr  devnte^fs 
cc  X  ;pBr:riTTfffr  srigning  irhgnc  j^ee  ra  mtyr  iJogethtT-  from  nme  :o 
«ixe  jc  ±9c&  (sc&isri  himses  in  airn.  iir  disc3ssum  <jr  die  v*xhibjtion 
cc  TOT7rni*TTaL  dxe  jukc  ixir  die  day  xcniu;  js  chairman  of  :hc 
ntTTTTC  Tjere  ^tas  «Dcii  x  iocety  vhen  I  -ras  it  C-anuniL^e, 
aac  I  2cce  x  «iiL  JLiuzisiies.  die  Sedg^nck  *Il\ib.  -"ompo-'jed  yt 
^nfttrrTtfimrf^  ▼tn:  ^??ire  "iiiring  in  4Et]iii^\  If  it  xid  inv  niie^, 
tiej  wers  only  in  nanuscript  jnd  ai"  ±e  simpiest  rhoroiTLT.  T  1 
sicie  ££1:2.  idMsnciaue^  aietscng  inm  :ime  :o  nme.  "ve  jvre  ::ie 
3cc=i5zccn  if  die  Cn^/Jngrt-ai  Sicn^/.  i<:^  intern:^  jn  :b- 
i — ^iredo.  y»iar. 

Sicner  zr  laGir,  jf  1  sccery  is  i  ^roirns:  jne,  die  mention  n 
mcicey  is  sure  oi  :aaie  j2»  ind  rules  if  s»jme  ^jrt  je.-jme  .1 
nooessicj-  Ehfrer  die  memoers  will  ^vant  m  publish  Si-)me  n'  :::e 
pgperi  t2ac  iri  j-ad,  -ir  js  diea-  numbers  ncniase  ±ev  -vxil  ind  t 
aerrsaary  ui  iiire  x  nstim  for  dieir  meenn^s^  :o  ii^ivi*  j.  saiareit 
sccrssarj.  icd  ^ertiacs  ai  start  x  ibniry  :"iir  :he  Tommon  jso  u' 
cfce  iodecy.  In,  jay  iuca  cise  it  wM  be  nej^issar/  :o  :iiino-se  x 
scbscr^jcon  an  die  members,  x  leasurer  -vul  iiav/i  :i)  e 
appoccced  30  vrciletrr  and  receive  ±cse  subscrpticns.  and.  [:n:babiy 
a  ccmmirsee  or  'ramuni  wiiL  -lome  .nta  ^xistenc;^-  .These 
daty  ic  wzH  be  33  see  diac  die  money  is  Laid  .::iit  in  die  best 
adgrtrrmnige.  As  die  membership  increases  and  extends  beyond 
the  orifcnal  cirde.  rales  must  be  framed  for  reguiatma  die 
arimf'wmn  of  ^ranafidines,  die  dmes  zt  oaeennirs  and  m:  on.  ind  :he 
merhod  at  eierdon  and  powers  zt  die  \:aramitree  ir  ccuncii  mu:>t 
bespfrfed. 

Oar  awn  Assudatioo,  stardnir  as  it  did  ':y  die  callin;x  of  a 
nH*rrfng  of  gwaona  innaresced  in  die  airmaticn  :t  1  sociery  jn  :::e 
ixues  with  which,  we  are  aH  so  cmmiar,  many  vif  whom  were 
soangers  oa  sacii  arher.  had  ttom  die  drsc  .ts  :ode  it*  roies  and 
Comsutcee  of  Management.    The  Rales   nay   be  sken  as  a 
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type  of  what  short  and  simple  rules  may  be.  I  do  not 
pretend  that  they  are  perfect,  indeed,  there  is  one  which  is  a 
sore  puzzle  to  those  whose  duty  it  is  to  interpret  it,  namely, 
the  rule  concerning  the  election  of  the  Council,  which  I  would 
gladly  see  revised.  That,  however,  is  more  or  less  a  matter 
of  drafting,  and  does  not  affect  the  merits  of  the  rules  as  a 
whole.  As  you  know,  our  Rules  (see  pages  i  to  4)  are  only  twenty- 
four  in  number,  and  are  contained  in  four  octavo  pages.  The 
first  four  are  constitutional,  dealing  with  the  name  and  objects 
of  the  Association  :  the  classes  of  members  and  their  privileges. 
Then  follow  three  (5  to  7)  dealing  with  the  method  of 
electing  members,  four  (8  to  11)  with  contributions,  and  one 
(No.  12)  with  the  removal  of  members.  The  next  five  (13 
to  17)  concern  the  Council  and  Officers,  Committees  and 
Trustees.  No.  18  requires  minutes  to  be  taken,  and  the  various 
kinds  of  meetings  are  dealt  with  in  the  next  three  (19  to  21). 
Honorary  Members  are  defined  in  Rule  22,  and  the  last  two 
(23  and  24)  provide  for  the  publication  and  revision  of  the 
Rules,  the  last  being  essentially  constitutional.  The  rest,  except 
the  first  four  and  to  some  extent  Nos.  1.3,  17,  20,  and  22,  come 
under  the  head  of  Management. 

I  may  remark  in  passing  that  our  Rules  have  been  very  little 
altered  since  they  were  originally  settled  on  December  17th, 
1858,  nearly  .fifty  years  ago.  Such  alterations  as  there  have  been 
are  mostly  in  matters  of  detail,  and  it  is  evident  that  the  original 
set  of  Rules  must  have  been  drawn  up  with  considerable  skill. 
Such  a  code,  simple  as  it  is,  contains  all  we  want,  and  I  hope  we 
may  long  continue  to  flourish  under  it. 

Many  societies,  especially  when  they  grow  large,  are  not 
content  with  the  "  simple  life,"  but  proceed  to  the  further  step  of 
becoming  incorporated.  The  advantages  of  such  a  course  are  that 
the  society  instead  of  being  a  mere  collection  of  individuals 
becomes  a  legal  entity  under  its  corporate  name.  It  can  sue 
and  be  sued,  it  can  enter  into  contracts,  sealing  them  with 
its  corporate  seal,  it  can  make  bye  laws,  and  what  is  perhaps 
most  important  it  can,  in  spite  of  the  Mortmain  Acts, 
own  land  within  such  limitations  as  are  laid  down  by  the 
instrument  of  incorporation ;  besides  all  this  there  is  a  certain 
added  importance  and  dignity,  which  in  several  cases  has 
had  a  practical  recognition  at  the  hands  of  the  Government  by 
the  grant  of  public  rooms  in  which  to  hold  the  meetings.  On 
the  other  hand  there  are  disadvantages,  especially  in  the  strict 
limitations  which  the  charter  or  other  instrument  of  incorporation 
places  on  the  scope  and  freedom  of  action  of  the  society. 

There  are,  I  believe,  three  methods  by  which  a  number  of 
individuals  can  be  incorporated.  The  first  and  usual  method  is 
by  Royal  Charter,  the  second  is  by  a  Special  Act  of  Parliament, 
and  the  third  is  by  the  machinery  provided  by  the  Companies 
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Acts,  a  well  understood  process,  founded  on  a  series  of  General 
Acts  of  Parliament.  The  Royal  Institution  is  an  instance  of  a 
society  which  has  a  Special  Act,  which  is,  however,  supplemental 
to  an  earlier  charter,  and  at  least  one  of  the  great  professionaal 
societies  has  taken  advantage  of  the  powers  under  the  Companies 
Acts.  But  by  far  the  largest  number  of  the  incorporated 
societies  have  obtained  Royal  Charters. 

These  charters  are  all  very  much  alike,  and  are  founded 
more  or  less  on  that  of  the  parent  of  all  English  scientific 
societies,  the  Royal  Society.  They  begin  by  reciting  the  objects 
for  which  the  society  is  formed,  then  follows  the  act  of  incorpora- 
tion under  the  corporate  name  of  the  society  and  certain 
privileges  which  are  thereby  granted,  namely,  the  power  to  own 
personal  property,  and,  within  certain  limits,  real  property,  to  sue 
and  to  be  sued,  and  to  have  a  common  seal.  They  then  deal  with 
the  number  and  different  classes  of  members,  and  provide  for 
the  government  of  the  society  by  a  president  and  council,  and 
r^ulate  the  method  of  appointing  such  governing  body,  who  are 
made  practically  absolute.  The  method  of  election  of  the 
members  is  then  indicated,  and  power  is  given  to  the  fellows  or 
members  to  make,  alter,  and  repeal  such  bye-laws  as  they 
choose,  provided  they  do  not  contravene  the  provisions  of  the 
charter  or  the  law  of  the  land. 

Within  these  outlines  there  is  some  scope  for  variation,  and 
for  provisions  suitable  to  the  requirement  of  particular  societies, 
but  it  must  be  remembered  that  the  charter  when  granted  is 
binding  once  for  all,  and  that  whatever  is  done  must  be  within 
the  four  corners  of  this  sacred  document,  there  being  no  relief 
except  in  obtaining  a  further  charter  supplementary  to  the 
original  one.  For  this  reason  it  behoves  those  entrusted  with 
the  drafting  of  a  charter  to  proceed  with  the  utmost  care,  and  to 
have  clearly  in  their  minds  not  only  exactly  what  the  requirements 
of  the  society  at  present  are,  but  to  foresee  what  their  wants  may 
be  in  the  future  ;  for  a  too  strictly  drawn  charter  may  very  easily 
have  the  effect  of  limiting  the  expansion  and  consequent  useful- 
ness of  the  society  bound  by  it.  As  an  instance  of  how  the 
working  of  a  charter  may  defeat  the  intentions  of  its  framers,  I 
may  mention  that  soon  after  the  incorporation  of  the  Geological 
Society  it  was  proposed  to  make  a  bye-law,  in  accordance  with  a 
rule  that  had  previously  existed,  limiting  the  term  of  consecutive 
service  in  the  office  of  president  to  two  years.  Doubts  were 
raised,  and  the  opinion  of  the  then  Solicitor-General  was  taken,  and 
he  advised  that  such  a  bye-law  would  be  invalid,  as  the  charter 
gave  absolute  freedom  of  choice  to  the  fellows  to  elect  annually  as 
president  whom  they  would  from  among  those  chosen  for  the 
council,  so  that  if  a  fellow  who  had  served  two  years  in  that  office 
was  again  on  the  council,  no  bye-law  could  be  made  to  prevent  him 
from  being  elected  president  for  a  third  time  without  infringing 
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the  rights  of  the  fellows  as  given  them  in  the  charter.  Here  was  a 
case  where  everybody  knew  what  they  wanted,  but  they  had  tied 
their  hands  and  could  no  longer  give  their  intentions  legal  force, 
but  the  feeling  that  was  then  manifested  has  left  its  mark,  and 
the  unwritten  custom,  strong  as  law,  has  prevailed  unbroken  for 
more  than  eighty  y^ars  from  that  time. 

Some  recent  charters  are  much  more  simple.  As  an 
instance  I  may  mention  that  of  the  Entomological  Society, 
founded  in  1833,  but  not  incorporated  till  1885.  It  merely 
decrees  that  the  thirteen  persons  then  forming  the  council 
should  form  the  first  council  of  the  corporation,  and  that  the 
existing  by-laws  should  be  the  bye-laws  of  the  corporation,  with 
power  to  make  new  ones  or  alter  or  revoke  them  as  may  be 
necessary.  It  will  be  understood  that  such  a  charter  as  this,, 
which  practically  allows  everything  to  be  settled  by  bye -laws, 
leaves  the  society  almost  as  free  as  it  was  before  being 
incorporated. 

As  soon  as  a  society  is  incorporated  it  proceeds  to  frame  bye- 
laws.  If  it  is  not  a  new  society,  these  probably  follow  the  lines  of 
its  previous  code  of  rules,  being  however  much  amplified  to  suit 
the  dignity  of  the  occasion,  so  that  the  bye-laws  of  an  average 
chartered  society '  fill  the  pages  of  a  moderate-sized  pamphlet 
instead  of  the  modest  four  pages  with  which  we  are  content.  These 
bye-laws  are  generally  divided  into  sections,  each  of  which  deals 
with  a  separate  subject,  such  as  the  admission  of  fellows ;  their 
withdrawal  or  removal ;  their  contributions ;  their  privileges ; 
different  classes  (if  any),  such  as  honorary  members,  associates, 
and  the  like ;  the  duties,  powers,  and  method  of  election  of  the 
council  and  officers ;  the  method  of  altering  the  bye-laws ;  the 
various  kinds  of  meetings  to  be  held ;  and  the  reading  and  pub- 
lication of  papers. 

All  these  details  vary  ver}'  much  according  to  the  requirements 
or  objects  of  the  different  societies  concerned.  For  instance 
while  in  such  societies  as  the  Linnean  and  Geological  candidates 
are  elected  by  ballot  on  the  certificate  of  certain  fellows  that  they 
have  the  requisite  qualification,  in  most  of  the  great  professional 
societies  admission  can  only  be  obtained  by  proof  of  qualifica- 
tion through  examination,  or  the  production  of  a  thesis. 

I  have  pointed  out  that  the  older  incorporated  societies  are 
somewhat  restricted  by  their  charters,  but  it  must  not  therefore  be 
supposed  that  unchartered  societies  are  absolutely  free  to  do  as 
they  please,  and  defy  all  law,  like  the  trades  unions  under  the  new 
Act.  They  are  in  fact  governed  by  the  Literary  and  Scientific 
Institutions  Act  of  1854,  of  the  existence  of  which  possibly  not 
many  of  you  are  aware.  This  Act  recites  that  "  it  is  expedient 
that  greater  facilities  should  be  afforded  for  procuring  and 
settling  sites  and  buildings  in  trust  for  institutions  established  for 
the  promotion  of  literature,  science,  or  the  fine  arts,  or  for  the 
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diffusion  of  useful  knowledge,  and  that  other  provision  should  be 
made  for  improving  the  legal  condition  of  such  institutions." 
After  enacting  that  gifts  or  sales  of  land  may  be  made  to  the 
extent  of  not  more  than  one  acre  as  sites  for  literary  or  scientific 
institutions  it  proceeds  to  lay  down  rules  for  the  general  govern- 
ment of  such  institutions.  Among  other  things  it  provides  (i) 
that  in  societies  that  are  not  incorporated,  and  have  no  trustees, 
the  personal  property  shall  vest  in  the  governing  body,  who  may 
be  described  as  the  owners  in  all  legal  proceedings ;  (ii)  that 
societies  not  incorporated  "  may  sue  or  be  sued  in  the  name  of 
the  president,  chairman,  principal  secretary,  or  clerk,  as  shall  be 
determined  by  the  rules  of  the  institution,  and  in  default  of  such 
determination  in  the  name  of  such  person  as  shall  be  appointed 
by  the  governing  body  for  the  occasion : "  (iii)  that  the 
governing  body  may  at  a  meeting  specially  convened  make 
any  bye-law  for  the  better  governance  of  the  institution,  its  mem- 
bers, or  officers,  and  may  impose  a  reasonable  pecuniary  penalty 
for  the  breach  thereof,  provided  that  no  penalty  shall  be  recover- 
able unless  the  bye-law  shall  have  been  confirmed  by  the  votes  of 
three-fifths  of  the  members  present  at  a  meeting  specially  con- 
vened for  the  purpose;  (iv)  that  members  in  arrear  of  their 
subscriptions  or  who  detain,  injure,  or  destroy  the  property  of  the 
society  may  be  sued ;  (v)  that  in  societies  not  having  a  royal 
charter,  if  it  appears  to  the  governing  body  advisable  to  alter, 
extend,  or  abridge  the  purpose  for  which  the  society  was  estab- 
lished or  to  amalgamate  with  some  other  institution,  the  governing 
body  may  submit  a  report  to  their  members,  and  not  less  than 
ten  days  after  may  hold  a  special  meeting  to  consider  it.  To 
enable  this  to  be  carried  into  effect  the  proposition  must  be  agreed 
to  by  the  votes  of  three-fifths  of  the  members  present,  and  it  must 
be  confirmed  by  a  second  special  meeting  by  the  same  majority. 
There  is  a  further  provision  for  an  appeal  to  the  Board  of  Trade 
against  this  decision  on  behalf  of  at  least  two-fifths  of  the  members  ; 
(vi)  that  any  society  may  be  dissolved  on  the  determination  of  not 
less  than  three-fifths  of  the  members,  but  that  on  a  dissolution  the 
surplus  property  shall  not  be  distributed  among  the  members,  but 
shall  be  given  to  some  other  institution.  A  member  is  defined 
as  "a  person  who  having  been  admitted  according  to  the  rules  and 
regulations  shall  have  paid  a  subscription  or  shall  have  signed  the 
roll  or  list  of  members,  but  in  all  proceedings  under  this  Act  no 
person  shall  be  entitled  to  vote  or  be  counted  as  a  member  whose 
current  subscription  shall  be  in  arrear  at  the  time."  The 
governing  body  is  defined  as  the  "  Council,  directors,  committee, 
or  other  body  to  whom  by  Act  of  Parliament,  charter,  or  the  rules 
and  regulations  of  the  institution,  the  management  of  its  affairs  is 
entrusted,  and  if  no  such  body  shall  have  been  constituted  on  the 
establishment  of  the  institution,  it  shall  be  competent  for  the 
members  to  create  for  itself  a  governing  body  to  act  for  the 


24  R.   S.   HERRIF.S   ON  THE  CONSTITUTION  AND 

institution  thenceforth."  The  Act  has  a  general  application  to  all 
institutions  established  for  the  promotion  of  science,  literature,  the 
fine  arts,  for  adult  instruction,  for  the  diffusion  of  useful  know- 
ledge, and  for  the  foundation  or  maintenance  of  libraries, 
museums,  picture-galleries,  and  collections,  except  to  the  Royal 
Institution  or  the  London  Institution.  This  Act  gives  us,  without 
any  charter,  almost  more  than  we  want,  and  with  its  somewhat 
cumbersome  provisions  it  is  no  wonder  that,  except  as  regards  the 
sections  dealing  with  the  holding  of  land,  it  has  become  practi- 
cally a  dead  letter.  If  it  were  strictly  regarded,  supposing  we  wished 
to  add,  say  botany  to  our  objects,  we  should  have  to  make  a  report 
to  that  effect,  have  two  special  meetings  to  carry  it,  and  even 
then  be  subject  to  an  appeal  to  the  Board  of  Trade.  Contrast 
with  that  the  provision  for  winding  up.  Suppose  a  society  to 
consist  of  five  hundred  members.  If  three  hundred  of  them 
decide  to  disband,  the  society  is  disbanded.  There  is  no  mention 
of  a  meeting  to  be  called,  or  notice  to  be  given  to  the  other  two 
hundred,  and  they  apparently  have  no  right  of  appeal.  There  is 
however  a  sensible  provision,  and  one  generally  included  in 
charters  of  societies,  that  the  property  shall  not  be  divided 
among  the  members,  any  surplus  must  be  given  to  some  other 
society,  and  a  few  years  ago  we  had  a  practical  illustration  of  this, 
for  when  the  "Amateur  Scientific  Society"  was  dissolved  they 
very  kindly  handed  over  to  this  Association  their  balance  in  hand, 
which  if  I  remember  right  amounted  to  between  three  and  four 
pounds. 

Having  dealt  sufficiently  with  the  construction  of  these 
societies  I  will  now  proceed  to  consider  some  of  the  questions 
relating  to  their  constitution  which  as  I  have  already  said  have 
been  under  discussion  during  the  last  few  years,  and  some  of  the 
criticisms  which  have  been  levelled  at  their  management.  The 
principal  points  are  the  method  of  electing  the  council  or  what- 
ever other  body  manages  the  affairs  of  the  society,  the  way  in 
which  when  elected  that  body  does  its  work,  the  restrictions 
placed  on  the  general  body  of  members,  the  method  of  voting  on 
questions  concerning  the  society,  the  manner  in  which  papers 
communicated  to  the  society  are  selected  for  publication,  the 
rights  of  different  classes  of  members,  and  the  admissibility  of 
women. 

Let  us  first  discuss  the  council  in  its  various  phases.  As  I 
have  already  said,  it  is  necessary  that  a  society  which  has  grown  to 
a  certain  size  should  have  a  governing  body,  unless  it  is  to  have 
a  general  meeting  every  time  a  gas  bill  has  to  be  paid  or  an  order 
for  printing  given,  and  it  is  also  expedient  that,  within  such  limits 
as  may  be  laid  down,  the  governing  body,  which  we  will  call  the 
council,  should  have  a  free  hand,  accounting  from  time  to  time  to 
the  general  body  of  fellows  or  members  who  appointed  it. 

It  is  usual  in  all  societies  that  the  council  should  give  an 
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account  of  their  stewardship  at  least  once  a  year,  just  as  is  the 
case  with  boards  of  directors  of  trading  companies.  On  such 
an  occasion,  generally  called  the  annual  meeting,  the  council 
make  a  report  (as  oar  Council  have  just  done),  and  the  individ- 
uals composing  it  are  re-elected  or  are  replaced  by  others  as  the 
case  may  be.  A  wise  provision  usually  adopted,  and  universally 
so,  I  believe,  in  chartered  societies,  is  that  a  certain  proportion  of 
the  council  should  retire  at  the  end  of  each  year.  It  is  a  curious 
fact  that  in  our  own  Association  there  was  no  such  provision  until 
the  last  revision  of  the  rules  in  1893,  when  the  present  rule  was 
|.ut  in  that  there  should  be  at  least  four  members  on  the  new 
council  who  had  not  served  during  the  past  year.  Before  that 
time  it  was  quite  possible  for  a  member  to  remain  on 
indefinitely  if  as  soon  as  he  became  one  of  the  senior  unofficial 
members  he  was  made  a  vice-president,  and  when  he  had  got 
to  the  top  of  that  list  he  again  joined  the  unofficial  ranks.  It  has 
always  seemed  to  me  a  great  proof  of  the  confidence  reposed 
in  our  Council  that  this  rule  went  so  long  unchallenged  and 
unreformed. 

Having  decided  that  a  certain  proportion  of  the  council 
shall  retire,  two  questions  arise,  namely,  who  shall  they  be  ?,  and 
who  shall  replace  them  ?  The  first  may  be,  and  in  some  cases  is, 
settled  automatically  by  the  rules.  For  instance,  it  may  be  a 
rigid  rule  that,  say,  the  senior  five  members  retire.  This  may 
work  in  a  very  inconvenient  way,  for  one  of  the  five  might  be  the 
most  fitting  man  to  be  president,  or  he  might  be  holding  the 
position  of  treasurer  at  a  critical  financial  time.  It  can  be 
arranged  that  officers  do  not  rank  for  seniority  unless  they  are 
retiring,  but  on  the  whole  it  seems  best  to  leave  the  matter  open 
and  it  will  generally  settle  itself,  subject  to  such  regulations  as  the 
council  may  make  for  its  own  guidance.  The  usual  plan,  in 
default  of  a  fixed  rule,  is  to  take  off  part  for  seniority  and  part  for 
irregularity  in  attendance  at  meetings.  The  other  question — 
who  shall  replace  those  who  are  taken  off? — is  a  more  difficult 
one,  as  it  cannot  be  settled  by  any  rules.  The  custom  of  most 
societies  is  for  the  council  to  recommend  to  the  members  both 
who  shall  go  off  and  who  shall  be  elected  in  their  place.  It  is 
expedient  that  this  should  be  done,  or  there  would  be  a  danger 
of  chaos  on  the  election  day.  The  members  would  have  nothing 
to  guide  them.  If  there  were  rules  as  to  seniority  they  would 
not  know  who  were  the  seniors,  and  if  ever)'one  had  to 
write  out  his  own  voting  list  he  would  probably  forget  that  he 
had  to  put  on  so  many  new  members,  and  it  is  quite  possible 
that  no  valid  election  would  be  arrived  at.  The  system  of 
recommendation  by  the  council,  therefore,  is  almost  a  necessity, 
and  in  most  chartered  societies  is  prescribed  in  the  bye-laws. 
Though  nothing  is  said  about  it  in  our  rules  it  is  worth  noting 
that  our  Council  have  from  the  very  first  adopted  that  system, 
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and  for  many  years  made  their  recommendation  part  of  the 
Annual  Report  The  list  proposed  by  the  council  is  with 
very  rare  exceptions  adopted  by  the  members.  This  fact  lays  the 
various  councils  open  to  the  charge,  so  often  made,  that  they  are 
self-elected  bodies,  which  is  in  a  manner  true,  but  only  so  long  as 
no  grave  and  general  dissatisfaction  exists  with  the  council  or 
any  individual  member  of  it.  In  such  a  case  it  must  be  possible 
for  the  members  to  combine  and  purge  the  council  of  the 
obnoxious  members,  so  far  as  the  rules  allow,  and  replace  them 
by  carefully-chosen  successors  who  are  pledged  to  a  sound  policy. 
If  the  members  cannot  do  this  when  there  is  real  occasion  for  it  it 
is  clear  that  they  would  be  incapable  of  acting  in  ordinary  cases 
without  the  guidance  of  the  council,  as  I  have  pointed  out 
above.  If  the  dissatisfaction  is  not  sufficiently  general  the 
opposition  to  the  council  will  not  be  so  easily  successful,  as 
there  is  always  a  strong  innate  conservative  feeling  partly  against 
a  change  and  consequent  ill-feeling,  and  partly  in  favour  of 
constituted  authority.  It  is  just  the  same  with  other  bodies,  such 
as  social  clubs  or  trading  companies ;  there  requires  to  be  a  very 
great  deal  of  dissatisfaction  before  extreme  steps  are  taken, 
but  that  boards  are  not  infrequently  upset,  especially  in  the  more 
speculative  class  of  companies,  must  be  well-known,  and  it  has  even 
happened  during  the  last  few  years  to  one  of  our  leading  Railway 
Companies  and  one  of  our  best-known  lines  of  steamers.  It  must  be 
remembered  that  in  the  case  of  companies  the  voting  is  not 
by  individuals  but  by  shares,  so  that  the  difficulty  of  successful 
combination  is  greater,  as  the  members  of  the  board  have  usually 
a  considerable  number  of  shares  amongst  them. 

In  a  system  of  election  such  as  is  prescribed  by  our  own  rules, 
where  the  whole  council  is  thrown  into  the  melting  pot,  the 
chances  of  a  successful  opposition  to  an  individual  member  of  the 
council,  or  of  bringing  in  a  member  not  recommended  by  the 
council,  is  somewhat  remote.  The  late  Professor  Blake  pointed 
this  out  in  a  pamphlet  he  issued  to  the  Fellows  of 'the  Geological 
Society,  where  the  method  is  very  similar  to  our  own.  In  this 
pamphlet,  entitled  "  The  Geological  Society  of  London : 
Suggestions  for  Certain  Improvements,  1901,"  he  points  out  that 
**  a  majority  of  voters  cannot  be  sure  of  removing  a  member  of 
council  unless  they  agree  also  as  to  the  person  who  is  to  take  his 
place,  nor  of  electing  a  new  member  unless  they  agree  also  as  to 
the  person  whose  place  he  is  to  take."  The  remedy  he  proposes 
is  to  pass  a  bye-law  limiting  the  number  of  fellows  to  be  removed 
annually  to  five  (the  minimum  under  the  charter).  Such  a  bye-law 
would  however  in  that  Society  be  invalid  as  limiting  the  powers  of 
the  fellows  given. them  by  the  charter,  namely  to  "  remove  one  fifth 
or  more  "just  as  in  the  case  which  I  have  mentioned  above  regard- 
ing the  proposed  limitation  of  the  Presidential  period  of  service. 
Here  therefore  at  first  sight  the  privileges  reserved  to  fellows  in 
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the  charter  seem  to  operate  to  their  disadvantage,  but  on  the 
other  hand  it  is  quite  competent  to  the  fellows  to  remove  the 
whole  council  and  replace  them  by  others,  when  the  difficulty 
raised  by  Professor  Blake  would  not  arise,  as  all  the  dissentients 
would  have  to  do  would  be  to  strike  out  the  whole  recommended 
list,  and  write  down  another  previously  agreed  on.  This  could 
not  be  done  in  such  a  society  as  the  Zoological,  as  to  which 
Professor  Blake  mistakenly  says  that  it  is  founded  on  a  charter 
similarly  worded  to  that  of  the  Geological  Society,  whereas  their 
charter  lays  down  the  precise  number  to  be  removed  as  five. 
Nor  could  such  a  coup  d'etat  take  place  in  the  Linnean  Society, 
where  their  latest  charter  prescribes  that  one  fourth  and  no  more 
shall  be  removed. 

We  know  at  any  rate  that  under  the  ordinary  conditions  it  is 
quite  possible  for  a  section  of  the  members  working  together  to 
cause  the  rejection  of  the  council's  nominee  to  some  office  in 
favour  of  their  own  candidate.  The  circumstances  of  the  election 
of  the  present  able  Secretary  of  the  Zoological  Society  will  be 
fresh  in  most  of  your  memories.  That  was  a  case  in  which  a 
charter  and  bye-laws,  of  quite  ordinary  type,  presented  no  bar  to 
the  successful  running  of  an  opposition  candidate.  You  will 
remember  that  a  somewhat  similar  contest  took  place  last  year  at 
another  society  well  known  to  all  of  us.  In  that  case  however 
the  opposition  were  not  strong  enough  to  defeat  the  council. 

It  is  quite  true,  however,  as  I  have  already  pointed  out,  that 
the  strength  of  the  council,  when  opposed,  lies  in  the  solidity  of 
its  nomination  list.  It  cannot  be  defeated  by  casual  opposition, 
but  only  by  organised  combination,  for  which  there  is  not 
usually  very  much  time.  Two  remedies  have  been  suggested 
and  frequently  urged ;  one  is  a  system  of  counter-nomination 
by  private  members,  and  the  other  is  voting  by  proxy, 
which  latter  is,  of  course,  equally  applicable  to  voting 
at  special  meetings.  The  question  whether  either  or  both  of 
these  systems  can  be  adopted  depends  on  the  charter  (if  any) 
and  the  bye-laws.  So  far  as  I  can  see  there  is  nothing  in  our 
own  rules  against  nomination  of  any  candidates  other  than 
those  nominated  by  the  council.  Indeed,  the  rule  is  singularly 
silent  as  to  the  method  of  election,  all  it  provides  being  that  the 
election  be  by  ballot,  and  that  it  take  place  at  the  Annual 
Meeting.  As  I  have  already  said  there  is  no  provision  even  for 
the  council  nominating,  but  they  have  always  assumed  the 
power,  and  probably  anyone  else  could  do  the  same.  I  doubt 
whether  proxy  voting  would  be  valid  without  a  s[)ecial  rule  being 
passed,  and  it  certainly  would  not  be  permissible  at  a  Special 
General  Meeting  for  altering  the  rules,  as  it  is  laid  down  that 
"  No  rule  shall  be  altered  except  by  a  majority  of  votes  of  those 
present  at  a  Special  General  Meeting."  Nothing  is  gained  by 
having  nominations  which  may  be  handed  in  at  any  time  up  to 
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the  opening  of  the  ballot.  The  object  of  nomination  is  to  let 
the  members  know  who  are  being  proposed,  and,  therefore, 
if  the  system  is  to  be  of  any  use  at  all  the  nominations 
must  be  received  not  less  than  say  ten  days  or  a  week  before 
the  day  of  ballot.  After  that  no  further  nominations  would 
be  received,  and  at  the  meeting  votes  could  only  be  cast 
for  those  who  had  been  nominated.  Such  a  system,  however 
desirable,  is  not  permissible  under  the  usual  form  of  charter  of 
the  incorporated  Societies,  for  there  is  no  power  to  limit  the 
choice  of  members  when  voting  at  the  Annual  Meeting  to  this  or 
that  set  of  candidates.  They  are  quite  at  liberty  to  vote  for  any 
member  they  please,  and  if  such  a  person  gels  a  majority  of  votes 
he  is  elected  whether  he  was  nominated  or  not.  The  same 
difficulty  arises  with  regard  to  proxy  votes,  because  the  charter 
generally  directs  that  the  fellows  shall  assemble  in  a  certain  place 
and  then  and  there  proceed  to  elect.  This  seems  to  require 
the  actual  presence  of  the  voters,  and  precludes  the  idea  of  proxy 
voting.  It  is,  however,  quite  feasible  to  frame  a  charter  on 
lines  that  will  make  the  nomination  system  or  voting  by  proxy  or 
both  perfectly  valid.  For  instance,  the  Institution  of  Civil 
Engineers  not  long  ago  obtained  a  supplementary  charter  which 
permitted  voting  by  proxy,  and  there  are  other  societies  with  a 
widespread  membership  which  have  adopted  the  same  course: 

One  society,  I  notice,  gives  by  a  bye-law  a  proxy  vote  to  its 
lady-fellows,  and  as  they  are  said  to  enjoy  all  the  privileges  of 
fellows  this  is,  presumably,  an  additional  privilege,  and  as  it 
seems  to  be  contrary  to  their  charter  any  votes  given  under  it,  if 
challenged,  would  probably  be  held  to  be  invalid. 

I  have  shown  how  these  two  often  quoted  remedies  of 
nomination  and  proxy  voting  can  be  adopted,  and  I  will  now 
consider  the  question  of  expediency.  As  regards  nomination,  I 
think  it  is  the  best  system  that  can  be  devised.  Everything 
must  be  fair  and  aboveboard,  and  there  can  be  no  question  of 
surprises.  It  is  the  only  way  to  my  mind  in  which  the  rights  of 
the  independent  fellow  to  exercise  a  choice  can  be  secured.  As 
regards  proxy  voting,  on  the  other  hand,  I  think  it  would  work 
out  in  favour  of  the  governing  body.  As  I  have  already  said, 
there  is  always  a  large  inert  body  of  people  ready  to  support  those 
in  authority,  but  they  will  not  always  take  the  trouble  to  come 
from  a  distance  to  register  their  votes.  They  say,  "  Oh  !  the 
council  are  sure  to  win,  so  my  vote  won't  make  any  difference, 
and  I  needn't  trouble  to  go  up  to  London  and  vote."  It  is  just 
these  people  who  would  benefit  by  the  adoption  of  the  proxy 
system.  On  the  other  hand  the  dissatisfied  element  are  much 
more  actively  minded — the  mere  fact  that  they  take  the  trouble  to 
be  dissatisfied  proves  it,  and  they  will  marshal  their  forces  and 
bring  up  every  available  man.  They  are  not  likely  to  gain  by  the 
introduction  of  the  proxy  vote.     This  is  seen  constantly  at  the 
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meetings  of  trading  companies,  when  an  adverse  vote  is  often 
at  first  carried  against  the  board,  whereupon  the  chairman  has 
recourse  to  his  proxies  and  wins  an  easy  victory.  It  is  moreover 
always  possible  to  informally  poll  the  society  on  any  particular 
question.  The  late  Professor  Blake  did  this  in  respect  of  the 
Geological  Society  when  he  issued  the  pamphlet  which  I  have 
mentioned.  He  took  the  opinion  of  the  fellows  on  a  variety  of 
subjects,  and  when  his  results  were  laid  before  the  council  they 
received  every  attention  from  that  body. 

I  think  I  have  now  shown  that  the  present  common  system  of 
nomination  by  the  council  and  voting  by  ballot  at  the  meeting 
is  not  so  open  to  objection  as  its  critics  would  have  us  believe, 
though  I  think  that,  when  the  charter  or  rules  allow  it,  a 
system  of  nomination  by  the  council  or  others  in  advance  is 
fairer  to  all  parties  ;  but  before  I  leave  the  subject  I  should  like 
to  say  a  word  as  to  how  the  councils  do  their  duties.  Person- 
ally I  have  only  had  experience  of  two  such  bodies,  but  that 
experience  has  been  a  long  one,  and  I  have  had  many  friends 
who  have  ser\'ed  on  the  Councils  of  other  societies.  The  conclu- 
sion I  have  come  to  is  that  these  bodies  and  the  indinduals  who 
compose  them  have  a  sincere  desire  to  do  their  best  for  their 
society,  and  that  in  this  particular  instance  of  the  nomination  of 
their  successors  they  do  give  very  careful  consideration  to  the 
problem.  I  have  already  indicated  that  the  usual  method  of 
selecting  those  who  are  to  retire  is  by  considering  seniority 
of  service  and  irregularity  of  attendance.  The  decision  as 
to  new  nominations  is  usually  by  ballot,  and  regard  is  had 
to  the  character  of  those  going  off,  so  as  to  ketrp  up  a  fair 
balance  of  representatives  of  all  parties,  such  as  professionals 
and  amateurs,  or  town  and  country  members.  The  question 
of  bringing  on  new  blood  is  also  considered,  the  Geological 
Society  Council,  for  instance,  having  a  standing  order  that  at 
least  two  of  the  five  to  be  nominated  shall  be  entirely  new  to  the 
council.  The  same  society  has  also  during  the  last  few  years 
issued  notices  inviting  suggestions  for  membership  of  the  new 
council  The  names  sent  in  are  carefully  considered  by  the 
council  in  coming  to  a  decision,  and  this  method  gives  ample 
opportunities  for  the  claims  of  any  fellow  to  be  brought  forward 
which  might  otherwise  be  overlooked.  Unfortunately,  ver}-  few 
fellows  respond  to  the  invitation,  which,  perhaps,  shows  that 
they  are  in  the  main  contented  with  the  council's  selection. 

With  regard  to  the  choice  of  officers  the  practice  varies.  In 
some  societies  the  president  nominates,  probably  after  consulta- 
tion with  others,  and  the  council  accepts  his  nomination  without 
question.  In  our  Association  there  used  to  be  a  prevailing 
notion  that  each  officer  was  supposed  to  find  his  own  successor 
when  he  retired.  Such  an  idea  is  to  my  mind  a  preposterous 
one.     It  lays  a  heavy  burden  on  anyone  taking  office,  and  it 
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binds  the  council  to  take  his  nominee,  who  may  not  be  at  all 
fitted  for  the  post,  but  has  been  suggested  by  the  retiring  officer 
in  desperation,  as  it  were,  to  get  rid  of  his  responsibility.  The 
system  which  has  been  adopted  lately  has  been  to  appoint  a 
small  committee  to  draw  up  a  list  of  suitable  candidates  and  to 
offer  the  post  to  them  in  such  order  as  the  committee  think 
best.  This  seems  to  work  so  well  that  I  hope  it  may  be 
continued.  The  President,  it  is  true,  continues  to  nominate  his 
successor  in  office  but  only  after  taking  the  advice  of  those  who 
are  in  his  opinion  best  qualified  to  give  it. 

The  management  of  a  society  by  its  council  is,  as  we  have 
seen,  an  absolute  one,  but  the  fellows  or  members  are  not 
wholly  shut  out  from  control  They  have  the  power  to  frame  the 
original  code  of  rules  or  bye-laws,  and  these  cannot  be  altered  or 
repealed  without  their  sanction.  No  doubt,  as  a  rule,  suggested 
alterations  of  bye-laws  originate  with  the  council,  but  unless  the 
code  when  first  framed  had  contained  reasonable  provisions  for 
safeguarding  the  interests  of  private  members,  it  would  have  had 
little  chance  of  being  passed.  As  it  is,  new  bye-laws  can  be,  and 
sometimes  are  proposed  by  private  members  and  there  are  not 
the  same  difficulties  in  their  way  in  voting  at  a  special  general 
meeting  as  there  are  at  the  election  of  the  council.  Amongst 
other  things,  the  bye-laws  generally  provide  for  the  holding  of 
special  general  meetings  on  the  requisition  of  the  council,  or 
some  specified  number  of  private  members,  and  at  such  meetings 
any  matter  can  be  discussed  by  way  of  resolution  or  othenvise  of 
which  due  notice  has  been  given. 

Thus  there  is  an  absolute  right  reserved  to  the  private 
member  of  ventilating  grievances,  of  criticising  the  action  of 
the  council,  or  of  formulating  a  new  constructive  policy;  and 
there  is  the  co-ordinate  right  of  opposing  any  resolution  brought 
forward  by  the  council.  That  such  a  resolution  can  be  success- 
fully opposed,  many  of  us  who  are  fellows  of  the  Geological 
Society  will  remember.  I  refer  to  the  occasion  when  the  Council 
recommended  that  the  Society's  museum  be  transferred  to  the 
Trustees  of  the  British  Museum.  They  had  gone  so  far  as  to 
approach  the  Trustees  on  the  subject,  and  all  the  arrangements 
had  practically  been  made.  A  very  strong  feeling,  however,  was 
expressed  at  the  meeting  against  the  proposal,  and  eventually 
after  a  long  discussion  the  "  previous  question  "  was  moved  and 
carried  by  a  majority  of  about  three  to  one. 

A  further  privilege  of  members  is  to  have  presented  to  them 
annually  a  report  of  the  council  on  the  affairs  of  the  society,  and 
the  rules  generally  provide  that  members  may  freely  comment  on 
the  report,  and  heckle  the  responsible  officers,  but  as  a  rule  no 
resolution  can  be  proposed  other  than  that  of  the  adoption  of  the 
report,  which,  of  course,  in  extreme  cases  may  be  negatived. 

It  will  thus  be  seen  that  in  spite  of  the  absolutism  of  the 


MANAGEMENT  OF  SCIENTIFIC  SOCIETIES.  3 1 

coundly  the  rights  of  private  members  are  by  no  means  n^ected. 
They  can,  at  any  rate  theoretically,  control  the  election  of  the 
council  and  officers ;  they  can  make  or  decline  to  make  new 
bye-laws ;  they  can  bring  forward  proposals  at  special  meetings, 
or  they  can  discuss  and  pass,  or  decline  to  pass,  any  proposals 
put  before  them  by  the  council;  and  they  can  at  the  end 
of  the  year  let  the  council  know  exactly  what  they  think  of  them 
on  the  annual  report.  All  this  is  in  addition  to  their  ordinary 
privil^es  of  attending  meetings,  proposing  and  electing  new 
members,  using  the  Library  (if  any),  and  receiving  the  Society's 
publications. 

The  question  of  publications  must  next  be  considered,  and  in 
that  respect  I  have  nothing  to  say  about  their  form,  whether  they 
should  be  octavo  or  quarto,  illustrated  or  not,  freely  distributed 
or  paid  for.  All  these  things  are  matters  which  must  be  decided 
by  the  circumstances  and  requirements  of  the  different  societies. 
But  there  remains  a  very  important  question,  namely,  the  method 
of  dealing  with  the  material  submitted  for  publication.  Of  course 
a  society  can,  if  it  chooses  and  has  money  enough,  publish 
anything  that  is  sent  in  for  the  purpose,  but  unless  some  sort  of 
selection  is  made  there  is  the  double  danger  of  its  publications 
being  extremely  bulky,  and  of  their  reputation  becoming 
impaired  by  the  amount  of  chaff  that  is  found  with  the  grain.  I 
think  it  must  be  conceded  that  there  is  an  inherent  right  in  an 
editor,  or  in  the  committee  that  controls  him,  to  make  some 
selection  of  his  material.  It  is  impossible  to  imagine,  for  instance, 
the  editor  of  a  daily  newspaper  inserting  every  letter  that 
reaches  him,  or  the  editor  of  a  monthly  magazine  publishing 
the  articles  of  every  would-be  contributor.  The  question  resolves 
itself  into  one  as  to  the  method  of  making  the  selection,  and  the 
principles  which  shall  guide  those  responsible. 

Perhaps  the  best  way,  if  you  can  find  the  right  man,  is  to 
entrust  the  editor  with  absolute  discretion,  laying  down  certain 
principles  for  his  guidance.  It  is  not,  however,  easy  to  find  such 
a  man,  or  at  any  rate  to  find  one  who  is  willing  to  undertake  so 
responsible  and  invidious  a  task.  The  council,  therefore, 
usually  undertakes  control,  but  generally  delegates  its  duties  to 
a  committee.  This  system,  which  seems  to  work  well  as  a  rule, 
has  lately  been  adopted  by  the  Geological  Society  in  place  of  the 
old  contrivance  of  a  single  referee  appointed  ad  hoc  by  the 
president.  The  referee  had  to  report  to  the  council,  who 
ballotted  as  to  whether  the  paper  should  be  printed  or  not,  but  if 
the  referee's  report  was  unfavourable  a  second  opinion  was 
always  obtained.  The  system  was  not  a  good  one,  as  the 
council  was  too  large  a  body  to  properly  consider  the  report, 
and  the  burden  of  selecting  referees  was  too  hard  a  one  to  lay  on 
the  president.  Moreover,  the  absolute  secrecy  which  was 
preserved  as  to  the  name  of  the  referee  was  very  apt  to  set  the 
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author  speculating,  and  if  his  paper  was  condemned  he,  as 
likely  as  not,  pitched  on  the  wrong  man,  and  feelings  were  thus 
engendered  without  any  foundation  which  tended  to  undermine 
pre-existing  friendly  relations.  The  new  system  provides  for  a 
standing  committee,  appointed  annually  by  the  council,  but  not 
confined  to  the  members  of  the  council,  and  their  names  are 
published.  Of  course  on  many  papers  they  have  to  get  expert 
advice,  but  the  selection  of  the  experts  is  very  carefully  thought 
out  in  committee,  and  their  reports  receive  much  closer 
attention  than  was  possible  when  they  were  read  before  a  full 
council.  The  Zoological  Society  have  a  still  better  plan,  the 
publication  committee  being  elected  by  the  fellows  at  the 
annual  meeting  in  the  same  way  as  the  council,  three  retiring 
every  year. 

Our  own  Association  can  hardly  be  said  to  have  any  system, 
but  then  we  are  not  generally  oppressed  with  a  greater  mass  of 
material  than  we  can  publish,  nor  do  we  demand  that  all 
communications  should  represent  original  work.  As  a  matter  of 
fact  the  Secretaries  and  the  Editor  between  them  are  competent 
to  decide  on  the  value  of  a  paper,  and  it  is  only  in  rare  cases, 
such  as  of  a  technical  paper  by  an  author  whose  competence  to 
write  on  a  special  subject  has  yet  to  be  proved,  that  it  is  found 
necessary  to  call  in  the  aid  of  a  referee. 

As  to  the  principles  which  guide  an  editor,  committee,  or 
referee,  as  the  case  may  be,  these  depend  on  the  practice  and  re- 
quirements of  the  society.  Some  societies  will  only  publish 
original  work,  some  will  only  have  practical  work  as  opposed  to 
theoretical  speculation,  some  encourage  extreme  specialisation, 
others  will  have  nothing  to  do  with  it.  The  great  thing  to  be 
aimed  at  is  consistency,  so  that  whatever  the  guiding  principles 
for  the  time  being  are,  they  should  be  rigidly  adhered  to,  and  no 
points  should  be  stretched  in  favour  of  one  author  that  are  not 
conceded  to  all.  It  may  be  that  the  question  of  cost  enters  in,  and 
the  fact  that  early  in  the  financial  year  an  author  has  been  allowed 
to  be  diffuse  is  sometimes  held  to  be  a  grievance  when  towards  the 
end  of  the  same  year  the  treasurer  puts  his  foot  down  and  another 
author  is  asked  to  condense.  Such  cases,  when  confined  to 
editorial  points  and  not  going  to  the  root  of  the  paper,  are  not  a 
departure  from  principle,  but  are  merely  due  to  a  want  of 
judgment  or  miscalculation  on  the  part  of  those  responsible. 
There  is  one  other  point  I  should  mention,  and  that  is  the  state- 
ment which  appears  on  the  covers  of  the  publications  of  many 
societies  to  the  effect  that  "  authors  alone  are  responsible  for  the 
facts  and  opinions  expressed  in  their  papers.*'  It  has  been 
represented  that  in  the  face  of  such  an  expression  a  committee 
has  no  right  to  make  any  suggestion  to  an  author  as  to  the 
modification  of  any  opinion  he  may  have  put  forward,  and  that 
they  are  bound  to  publish  anything  an  author  sends  them,  how- 
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ever  hereticaL  This,  I  need  hardly  say,  is  not  so,  for  all  the 
statement  is  intended  to  convey  is  that  the  reader  must  not  take 
it  that  any  facts  or  opinions  contained  in  the  publication  are 
vouched  for  by  the  publishing  society,  whose  name  might  other- 
wise be  taken  by  many  as  a  guarantee  that  the  facts  were  correct 
and  the  opinions  orthodox.  Any  society,  though  safeguarding 
itself  and  warning  its  readers  in  this  fashion,  is  quite  entitled  to 
further  protect  the  reputation  of  its  published  volumes  for 
accuracy  and  soundness  by  declining  to  publish  at  all  or  only  with 
certain  modifications  any  papers  which  are  likely  to  be  prejudicial 
in  either  of  these  respects. 

As  to  classes  of  members,  these  exist  in  most  of  the  great  pro- 
fessional societies,  such  as  the  Civil  Engineers  and  the  other 
Engineerii^  Societies,  and  in  the  Medical  Colleges.  We  hear 
from  time  to  time  of  complaints  as  to  the  respective  rights  of  the 
various  classes,  but  I  have  personally  had  no  experience  in  such 
matters,  and  the  questions  are  hardly  of  such  general  application 
as  to  come  within  the  scope  of  my  address  this  evening. 

I  now  come  to  what  is  perhaps  the  most  delicate  part  of  my 
subject,  namely,  the  question  of  the  admission  or  admissibility  of 
women  into  scientific  societies.  I  speak  in  the  alternative 
because  there  are  really  two  questions  ;  one  is  whether  in  certain 
of  the  chartered  societies  women  are  eligible  for  membership,  and 
the  other  is  whether,  even  if  they  are  eligible,  their  admission  is 
desired  by  the  "men  in  possession."  Fortunately  we  are  in  a 
position  to  look  on  this  controversy  without  prejudice,  because 
ladies  have  had  their  share  in  our  membership  from  the  very 
first,  and  their  presence  at  our  meetings  and  excursions  has 
contributed  in  no  small  degree  to  our  success  as  an  Associa- 
tion. But  not  all  societies  are  so  fortunate,  and  for  some 
years  many  of  them  have  been  exercised  either  as  to  how 
they  can  get  them  in,  or  as  to  how  they  can  keep  them  out. 
During  the  last  few  years  there  has  undoubtedly  been  a  remark- 
able change  of  opinion  on  this  question,  and  when  we  find  one  of 
our  oldest  and  most  important  societies,  the  Linnean,  obtaining  a 
new  charter  mainly  for  the  purpose  of  legalising  the  admission  of 
women,  we  can  hardly  doubt  that  another  few  years  will  see  them 
freely  admitted  into  every  society,  subject  of  course  to  the  same 
tests  by  qualification  and  ballot  as  men.  As  to  the  capacity  of 
women  to  study  and  advance  our  own  particular  science  of  geology, 
it  is  difficult  to  see  how  there  can  ever  have  been  a  doubt,  when 
we  remember  that  one  of  the  early  pioneers  was  no  less  a  person 
than  Mary  Anning,  who  was  something  more  than  a  mere  fossil 
collector,  and  recently  there  has  been  quite  a  wave  of  lady 
geologists,  to  particulanse  whom  would  be  invidious,  seeing  that 
many  of  them  are  members  of  our  own  Association.*    The 
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Geological  Society  has  several  times  given  to  ladies  awards  from 
the  funds  at  its  disposal,  and  has  accepted  and  published 
their  papers.  A  further  advance  was  made  when  they  were  ad- 
mitted as  visitors  to  the  meetings,  a  step  which  some  time  before 
Dr.  Henry  Woodward  had  advocated  in  his  Presidential  Address 
to  that  Society  in  1895.  As  a  natural  consequence,  they  were 
allowed  to  read  their  own  papers  and  reply  to  the  discussions 
raised  on  them. 

With  regard  to  the  question  of  admissibility  of  women,  only 
the  chartered  societies  are  troubled,  for  the  members  of  other 
bodies  have  but  to  meet  and  pass  a  bye-law,  and  the  thing  is 
done.  The  problem  is  however  much  more  intricate  in  the  case 
of  corporations  in  spite  of  the  dictum  ol  Professor  Blake,  in  the 
pamphlet  I  have  previously  quoted,  to  the  effect  that  "  it  is  not 
clear  that  there  is  any  real  question  about  this "  (the  admission 
of  women  as  fellows).  He  points  out  that  there  is  nothing  in 
the  Geological  Society's  charter  about  it,  and  goes  on  to  say 
that  "  it  has  been  supposed  that  the  bye-laws  which  speak  of  a 
candidate  as  *him'  restrict  them  to  the  male  sex."  I  do  not 
know  whether  anyone  seriously  held  this  view ;  but  if  they  did, 
I  venture  to  think  it  quite  untenable.  If  ladies  are  eligible,  either 
by  the  charter  or  bye-laws,  the  use  of  the  word  *  him  '  would  not 
operate  as  a  bar  to  their  election,  nor  would  the  mere  addition 
of  the  word  "  her  "  render  them  eligible  if  they  were  not  otherwise 
admissible.  It  is  true  that  nearly  twenty  years  ago,  when  the 
bye-laws  were  under  revision,  an  amendment  was  proposed 
adding  the  words  "  or  her  "  after  "  him,"  and  was  defeated  by  a 
narrow  majority,  but  even  if  it  had  passed  I  do  not  think  it  would 
have  helped  on  the  question,  unless  it  had  been  accompanied 
by  a  bye-law  expressly  declaring  ladies  eligible,  and  then  only  if 
such  a  course  was  compatible  with  the  charter.  Mr.  Monckton  has 
discussed  the  question  from  a  legal  point  of  view  in  a  short  paper 
entitled  "  Women  as  Fellows  of  Scientific  Societies,"  originally 
contributed  to  the  Law  Times  in  1893,  and  afterwards  reprinted 
with  other  papers  for  private  circulation.  This  was  written 
about  the  time  that  the  Royal  Geographical  Society  was  in  a 
difficulty  owing  to  doubts  having  arisen  as  to  the  legality  of  the 
action  of  the  Council  in  electing  certain  ladies  as  fellows. 
Mr.  Monckton  points  out  that  as  a  general  rule  women,  infants, 
and  aliens  cannot  be  members  of  a  corporation,  but  this  rule  has 
exceptions,  and  at  least  no  application  to  the  case  of  trading, 
corporations.  He  quotes  Grant's  work  "  On  Corporations  "  as 
stating  that  those  that  are  neither  established  for  gain  or  municipal 
purposes,  but  are  strictly  voluntary  associations,  have  a  right  of 
choosing  their  members  at  pleasure,  subject  to  anything  in  the 
charter  to  the  contrary.  Thus  if  an  existing  society  admitting: 
women  as  well  as  men  to  membership  becomes  incorporated, 
tliose  women  members  being  duly  appointed  fellows  under  the 
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charter  would  it  seems  be  members  of  the  corporation.  Mr. 
Monckton^  however,  expresses  the  opinion  that  if  at  the  time  of 
incorporation  no  woman  was  a  member,  and  that  for  a  great  many 
years  afterwards  no  woman  was  either  proposed  or  elected,  there 
would  be  a  strong  presumption  that  on  the  ground  of  usage 
women  would  not  be  eligible  to  such  a  society.  He  concludes 
by  thinking  that  though  under  such  circumstances  a  new  charter 
would  be  strictly  necessary,  probably  the  needs  of  the  case 
would  be  met  by  a  bye-law  or  a  general  resolution  at  a  special 
general  meeting,  and  that  the  courts  would  not  interfere  with  such 
a  decision,  even  though  it  might  not  be  strictly  according  to  law. 

Since  this  was  written  several  societies  have  taken  counsel's 
opinion  on  the  subject,  with  many  and  diverse  results.  Indeed 
one  eminent  law}'er  preludes  his  opinion  with  the  remark  that 
there  is  no  certainty  that  a  different  mind  might  not  view  the 
question  submitted  to  him  in  quite  a  different  way.  However 
that  may  be,  at  least  two  independent  lawyers  made  the  discovery 
that  though  probably  the  difficulty  could  be  got  over  in  the  case 
of  unmarried  women,  the  fact  of  marriage  would  be  fatal  to  their 
claims. 

The  ground  for  this  opinion  is  that  a  married  woman  has  no 
legal  status,  she  is  not  a  person  within  the  usual  phraseology  of 
the  charters,  and  so  she  cannot  be  a  component  part  of  a 
corporation.  To  this  we  may  answer  that  numbers  of  married 
ladies  are  members  of  corporations  in  the  shape  of  trading 
companies.  We  are  left  in  doubt  whether  the  corporate 
capability  of  a  previously  unmarried  lady  who  had  become  a 
fellow  would  be  crushed  out  of  existence  by  her 
subsequent  marriage.  Presumably  her  name  would  be  ex- 
punged from  the  register  automatically,  and  her  composition 
fee  (if  any)  impounded !  It  is  significant  that  in  the  new 
charter  of  the  Linnean  Society  the  words  under  which  ladies 
are  admitted  are  "  such  persons  without  distinction  of  sex,"  nothing 
being  said  as  to  whether  they  are  married  or  unmarried.  The 
Zoological  Society  took  the  bold  course  of  dealing  with  the  ad- 
mission of  ladies  under  a  bye-law,  their  charter  being  of  the 
ordinary  kind,  giving  no  indication  one  way  or  the  other.  I 
believe,  however,  that  they  always  had  lady  fellows,  though  not 
till  recently  with  full  privileges.  There  seems  to  be  now  a 
general  feeling,  both  lay  and  legal  (apart  from  the  married  woman 
question),  that  it  is  not  necessary  to  have  a  new  charter,  but  that 
the  simple  course  adopted  by  the  Zoological  Society  is  suffi- 
cient, namely,  to  pass  a  bye-law  legalising  the  admission  of 
women,  provided  there  is  nothing  in  the  charter  expressly  or 
impliedly  forbidding  it.  At  any  rate,  it  seems  to  be  agreed  that 
if  this  be  done  and  women  are  elected,  the  courts  will  not  inter- 
fere by  injunction  or  otherwise,  because  no  complaining  fellow 
could  show  such  an  injury  that  the  courts  would  take  cognisance 
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of.  For  it  is  clear  that  if  the  number  of  fellows  of  the  society 
is  by  the  charter  unlimited,  and  no  pecuniary  question  enters  into 
consideration,  the  rights  of  an  individual  fellow  are  not  impaired 
by  the  addition  of  one  or  more  fellows,  whether  they  be  men  or 
whether  they  be  women. 

I  think  I  have  now  said  enough  on  this  somewhat  compli- 
cated question,  and  with  it  I  must  bring  my  address  to  a 
close.  I  am  afraid  you  will  think  that  I  have  not  said  much 
about  management,  but  much  more  about  managers.  If  I  have, 
it  is  because  I  hardly  thought  you  would  care  to  hear  the  small 
details  of  a  council  meeting,  how  many  signatures  are  required  to 
a  cheque,  or  whether  we  should  exchange  publications  with  such 
and  such  a  society.  I  have  tried  to  treat  the  subject  from  a  broad 
point  of  view,  and  have  perhaps  dealt  more  with  societies  in 
general  than  our  own  Association  in  particular.  But  I  should  like 
to  remind  you  again  that  you  have  always  placed  singular 
confidence  in  your  Council,  and  I  think  that  must  be  from  the 
respect  you  naturally  feel  for  the  efforts  of  that  long  series  of 
honorary  officiab  who  have  during  nearly  fifty  years  devoted  their 
time  and  often  their  money  to  conducting  your  affairs.  This 
feeling  of  contentment  does  not,  however,  exist  in  all  societies, 
and  I  shall  be  quite  satisfied  if  any  remarks  of  mine  should  make 
any  persons  who  are  prone  to  discontent  think  a  little  more 
charitably  of  their  councils ;  and  I  would  ask  them  not  to  regard 
a  hitherto  blameless  individual  who  may  be  put  on  the  council 
as  being  thereby  placed  almost  beyond  the  pale,  not  to  look  on 
the  members  of  the  council  as  mere  office-seekers  determined  to 
keep  everyone  ebe  out,  but  to  try  and  think  of  them  as 
individuals  who  approach  their  work  animated  by  a  feeling  of 
duty  and  with  a  full  sense  of  responsibility,  having  no  other  wish 
or  design  than  to  administer,  without  fear  or  favour,  the  affairs 
of  the  society  with  whose  management  they  are  entrusted. 


ORDINARY   MEETING. 
Friday,    March    ist,    1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 

H.  E.  Balch,  Herbert  V.  H.  Everard,  Charles  James  Grist, 
M.A.,  Mrs.  R.  T.  Sambrook. 

A  lecture  was  then  delivered  by  Maurice  Mancel  Allorge, 
L.  fes  Sc,  F.G.S.,  entitled  *•  A  Geologist's  Impressions  of  Mexico." 
The  lecturer  gave  a  most  interesting  account  of  his  visit  to 
Mexico  on  the  occasion  of  the  meeting  of  the  International 
Geological  Congress  of  1906.  The  lecture  was  illustrated  by 
a  series  of  lantern  slides. 

The  President,  on  behalf  of  the  Association,  thanked  Mr. 
Allorge  for  his  excellent  lecture. 
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visit  to  the  british  museum  (natural 
history;. 

Saturday,.  March  2ND,  1907. 
Director :  Dr.  A.  Smith- Woodward,  F.R.S. 
{^Report  by  The  Director.) 

The  party  of  eighty-nine  members  was  received  by  Dr.  Woodward 
who  pointed  out  some  of  the  latest  additions  to  the  collection  of 
Fossil  Fishes,  and  discoursed  on  certain  groups  which  were  at 
that  time  exciting  interest  and  attracting  attention.  His  observa- 
tions may  be  briefly  summarised  as  follows. 

The  latest  additions  to  the  earliest  known  fish-like  fossils  (the 
so-called  Ostracadermi  or  Ostracophoti)  are  well-preserved  speci- 
mens of  Drepanaspts^  from  the  Lower  Devonian  of  Germany. 
These,  and  other  similar  fossils,  prove  that  many  of  the  supposed 
fragments  of  armour  of  sharks  from  the  Upper  Silurian  and 
Devonian  formations  really  belong  to  the  much  more  primitive 
group  of  Ostracodermi,  Equally  primitive  fish-like  animals,  with 
a  hardened  internal  skeleton,  instead  of  external  armour,  are  re- 
presented by  Palaospohdylus  from  the  Lower  Old  Red  Sandstone 
of  Caithness.  Enlarged  wax-models  of  this  fossil,  ingeniously 
made  by  Prof.  W.  J.  Sollas,  illustrate  its  structure  very  clearly. 

A  newly  arranged  large  collection  of  Upper  Devonian  sharks 
(Cladoselache)  from  Ohio  is  interesting  as  exhibiting  the  internal 
skeleton,  especially  of  the  paired  fins.  Each  fin  is  strengthened 
by  simple  parallel  bars  of  cartilage — an  arrangement  of  which  the 
discovery  was  predicted  when  zoologists  began  to  accept  the 
hypothesis  that  paired  fins  in  fishes  are  the  remnants  of  a  pair  of 
lateral  folds  of  skin.  The  teeth  of  some  early  sharks  are  also 
interesting,  because  they  were  not  shed  when  they  passed  out  of 
use,  but  remained  in  a  fused  mass  in  some  way  outside  the 
mouth.  Thus  Were  produced  spirals  of  teeth,  which  reached 
their  greatest  size  and  complication  in  Helicoprion  from  the 
Permo-Carboniferous  of  Russia  and  Japan.  A  plaster  cast  of 
one  of  the  best  specimens  is  exhibited. 

The  remarkable  collection  of  Dinichthys  and  other  armour- 
plated  fishes  from  the  Upper  Devonian  of  Ohio  was  made  by 
Dr.  William  Clark,  of  Berea,  and  is  interesting  for  comparison 
with  the  European  CoccosUus^\\i&  fishes.  It  shows  that,  just 
before  the  extinction  of  the  race,  these  armoured  fishes  attained 
immense  size,  sorte  with  the  dermal  plates  excessively  thickened 
(Dinichthys),  others  with  these  plates  comparatively  thin  {Titan- 
ichthys).  Dr.  Woodward  still  thinks  that  the  extinct  Coccosteans 
are  related  to  the  Dipnoi  and  to  the  Chimjeroids. 

A  shb  of  Upper  Old  Red  Sandstone  from  Dura  Den,  Fife- 
shire,  is  covered  with  examples  of  Hoioptychius  J^emingi,  and 
evidently  represents  a  shoal  of  this  species  suddenly  destroyed 
and  buried.     Most  well-preserved  fossil  fishes  arc  obtained  from 
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definite  thin  layersi  which  appear  to  be  the  result  of  local 
accidents.  Casual  well-preserved  specimens  are  very  rare  in 
all  formations. 

The  fishes  of  the  Coal  Measures  are  usually  found  in  the 
shales  and  ironstones  accompanying  the  coal,  very  rarely  in  the 
coal  itself.  A  few  beautiful  specimens,  actually  imbedded  in  coal 
from  the  Jarrow  Colliery,  Kilkenny,  Ireland,  are  therefore  of 
much  interest.  They  were  presented  to  the  Museum  by 
Mr.  John  Gerrard,  F.G.S. 

The  fossil  fishes  of  the  southern  hemisphere  closely  resemble 
those  of  the  northern  hemisphere,  and  exhibit  a  similar  strati- 
graphical  distribution.  A  typical  AcroUpis^  such  as  might  have 
been  obtained  from  the  English  Coal  Measures,  was  discovered 
oy  Mr.  A.  J.  C.  Molyneux  in  the  Sengwe  Coalfield,  Rhodesia, 
and  parts  of  numerous  specimens  are  exhibited  in  a  large  slab  of 
ironstone.  SemionotuSy  from  the  Storm  berg  Beds  of  South 
Africa,  differs  very  slightly  from  the  species  of  the  same  genus 
found  in  the  Trias  of  Europe  and  North  America. 

The  fish  remains  discovered  by  Mr.  Alfred  N.  Leeds,  F.G.S., 
in  the  Oxford  Clay  of  Peterborough,  form  a  remarkable  collection. 
The  bones  can  be  removed  from  the  matrix  and  be  separately 
studied.  As  they  belong  to  the  same  genera  as  the  complete 
fishes  found  crushed  though  complete  in  the  hard  Lithographic 
Stone  of  the  European  continent,  they  can  be  studied  with  the 
latter  and  practically  complete  our  knowledge  of  the  skeleton  of 
some  of  the  extinct  ganoids.  The  Oxfordian  remains  of  Lepidotus 
and  Mesturus  are  especially  valuable  in  this  connection.  The 
tail  of  Leedsia  problematical  also  from  the  Oxford  Clay  of  Peter- 
borough, is  the  largest  fish-tail  known,  about  nine  feet  in  span. 
Dr.  Woodward  thinks  that  Leedsia  is  related  to  Hypsocormus. 

The  fish  remains  from  the  English  Chalk  are  usually  frag- 
mentary ;  but,  like  those  of  the  Oxford  Clay,  they  are  important 
as  displaying  the  separate  bones.  Whole  fishes  are  commoner  in 
the  stratifi^  and  shaly  chalk  of  Kansas,  U.S.A.,  whence  the 
Museum  has  obtained  many  fine  specimens  for  comparison  from 
Mr.  C.  H.  Sternberg.  This  collection  is  continually  being 
extended,  the  latest  addition  being  a  nearly  complete  pair  of 
pectoral  fins  of  Protosphyrana,  These  fins  are  noteworthy  for 
the  manner  in  which  their  constituent  bony  rays  are  arranged  to 
produce  the  maximum  strength  and  flexibility. 

Most  of  the  links  between  the  Cretaceous  and  Tertiary  fishes 
are  still  lacking.  The  sudden  appearance  of  nearly  all  the 
modem  types  of  bony  fishes  in  the  Eocene  formations  is  very 
remarkable. 

At  the  conclusion  of  Dr.  Smith  Woodward's  remarks  the 
President  proposed  that  the  thanks  of  the  Association  be  accorded 
to  him  and  ttus  was  carried  unanimously. 
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ON  THE  EXISTENCE  OF  THE  ALPINE 
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[Plate  I. 

IN  the  year  1841,  Martins  and  Bravais  discovered  a  new  species 
of  Vole  living  at  a  great  altitude  on  the  Alps,  which  Martins 
subsequently  described  under  the  name  of  Microius  nivalis* 
In  1852,  Gerbe  published  an  account  of  a  closely  allied  animal 
from  the  Basses-Alpes  which  he  called  M.  ieucurus,^  whilst  in 
1853  Wagner  described  yet  another  close  ally  from  the  Eastern 
Alps — M.  fetrophilus,X  An  interesting  account  of  M,  nivaiis 
and  its  two  allies  is  given  by  Blasius.§  None  of  these  forms  live 
to-day,  so  far  as  is  known,  at  a  smaller  elevation  than  3,000  feet 
above  the  sea.  2M  leucurus  and  M, pctrophilus  are  characteristic  of 
the  lower  peaks  of  the  outer  Alpine  regions.  M.  nivalis  inhabits 
the  Central  Alps,  and  from  being  very  rare  at  comparatively  low 
levels  it  becomes  more  and  more  frequent  as  one  ascends,  its 
maximum  abundance  being  reached  at  or  about  the  snow  line. 
But  far  above  this  limit  it  maybe  found  inhabiting  little  pinnacles 
of  rock  temporarily  bared  of  snow  and  scantily  clothed  with  the 
most  stunted  Alpine  vegetation.  In  such  places,  says  Blasius, 
it  lives  not  merely  through  the  short  Alpine  summer  but  through 
a  hard  Alpine  winter  of  nine  or  ten  months  duration,  secure 
under  a  covering  of  snow.  In  1847,  De  Selys  Longchamps|| 
showed  that  this  remarkable  species  also  inhabited  the  Pyrenees. 
It  has  since  been  discovered  by  Dr.  Porsyth  Major  living  on  the 
summit  of  the  Gran  Sasso  d'ltalia,  in  the  Abruzzi,  at  a  height  of 
2,921  metres,  and  also  in  various  parts  of  the  Apennines. 

It  is  evident  from  the  remarkable  habitat  of  this  species,  or 
rather  group  of  closely  allied  forms,  that  all  facts  relating  to  its 
distribution  in  past  times  must  be  of  considerable  interest  to  the 
geologist.  We  are  indebted  to  Dr.  Forsyth  Major  for  our  earliest 
knowledge  of  M,  nivalis  as  a  Pleistocene  mammal,  for  in  1873  ^e 
recorded  its  occurrence  in  the  Grotta  di  Levrange  in  Lombardy, 
and  in  the  Grotta  di  Parignana,  near  Pisa.*"  He  afterwards 
discovered  its  fossil  remains  in  tre  Grotta  di  Verezzi  in  Liguria, 
and  in  the  Grotta  della  Palmaria  in  the  island  of  Palmaria,  near 

*  Manins,  Rtvut  deZool.,  1842,  p.  331  lAnn.  d.  Sc.  Nat,,  1843,  xix,  p. 87. 

t  Gerbe,  Revue  de  Zool.,  1852.  p.  260. 

I  Wanner.  Munchener  Gelehrt.  Anseig.,  1853,  P.  307« 

f  Blasiua,  Sduf^ethiere  Deutschlands,  1837.  p.  359* 

■;  De  Selys  Longchamps,  Revue  Zool.,  1847,  October. 

•1  Fonyth  Major,  Atti.  del.  Soc,  Ital.  d.  Sc.  Sat.,  xv,  pp.  375,  378,  389 
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Spezia.  Since  then  this  species  has  been  detected  on  numerous 
occasions  among  the  fossil  voles  of  the  Continental  Pleistocene 
deposits,  as  for  example,  by  Dr.  Nehring  in  the  caves  of  the 
French  part  of  Switzerland,  and  by  Dr.  WoldHch  in  the  ossiferous 
fissures  at  Zuzlawitz  in  Bohemia  and  in  Moravia. 

Messrs.  Blackmore  and  Alston  in  1874*  described  a  lower 
jaw  of  a  vole  from  the  brickearth  of  Fisherton,  and  gave  a  figure 
of  the  first  lower  molar.  This  they  sugcjested  might  be 
referable  to  M,  nivalis^  but  they  hesitated  to  make  a 
decided  reference,  as  the  teeth  of  M,  ratticeps  from  the  same 
deposit  varied  to  such  an  extent  as  to  render  it  possible  that  this 
example  might  be  an  extreme  form  of  the  latter  species.  I  have 
not  seen  the  specimen,  but  judging  from  the  figure  while  the 
pattern  of  the  ///.  y  is  somewhat  similar  to  certain  ill-defined  forms 
of  M,  nivalis,  yet  it  is  not  sufficiently  distinctive  to  be  regarded 
by  itself  as  good  evidence  of  the  occurrence  of  this  species  at 
Fisherton. 

In  1882,  Mr.  E.  T.  Newtonf  described  and  figured  a  lower 
jaw  from  the  Upper  Freshwater  Bed  at  West  Runton,  in  which 
the  anterior  loop  of  the  first  lower  molar  is  suggestive  of  some 
ol  the  forms  of  M.  nivalis.  Mr.  Newton  did  not  record  the 
species  as  a  Forest  Bed  forrn,  regarding  the  evidence  as  too 
meagre,  but  in  any  case  all  possibility  of  such  a  reference  is 
precluded,  since,  as  Dr.  Forsyth  Major  first  pointed  out  to  me 
this  jaw,  in  common  with  the  others  figured  on  PI.  xiv  of  Mr. 
Newton's  work,  does  not  belong  to  the  subgenus  MicrotuSy  the 
///.  Y  of  which  possesses  five  closed  triangles,  but  to  PitymySy  a 
subgenus  in  which  the  anterior  lower  molar  is  composed  of  a  pos- 
terior loop  followed  by  three  closed  triangles,  which  are  followed 
in  turn  by  an  outer  and  an  inner  triangle  communicating  widely 
with  each  other  and  shut  off  from  the  anterior  loop,  completing 
the  tooth  in  front. 

In  1899,  Mr.  E.  T.  Newton  J  provisionally  referred  certain 
of  the  lower  jaws  from  the  Ightham  Fissure  to  M,  nivalis.  He 
says :  "  The  front  lower  cheek  tooth  of  this  species  is  not  always 
to  be  clearly  distinguished  from  extreme  forms  of  M,  glareolus  ; 
but  among  the  very  many  examples  of  the  latter  species  which 
have  been  obtained  by  all  the  collectors  from  the  Ightham 
Fissure,  there  are  several  which  have  the  inner  part  of  the 
anterior  prism  well  developed,  so  that  five  inner  and  four  outer 
angles  may  be  counted.  It  seems  highly  probable,  therefore, 
that  these  are  the  remains  of  M.  nivalis.'^  Six  of  the  specimens 
so  referred  to  are  in  the  collection  of  Messrs.  Corner  and 
Kennard,  and  these  I  have  carefully  examined.  Those  which 
belong  to  old  enough  individuals  have  the  teeth  distinctly  rooted, 

*  Blackmore  and  Alston,  Proc.  Zool.  Soc^  1874,  P*  4^>  ^K*  ^f^- 

f  Newton,  E.  T.,  ''Vertebrata  of  Forest  Bed."    Mem.   GeoL  Surv.,  p.  93,  PI.  xit, 
fig.  7. 

X  E.  T.  Newton,  Quart.  Jouni.  Gcol.  Soc,  Iv,  p.  435. 
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and  all  have  the  murine  incisor  root  so  characteristic  of  Evoiomys^ 
and  which  is  quite  different  in  Aficrotus*  Therefore,  these 
remains  cannot  be  referred  to  M.  nivalis^  but  clearly  belong  to 
Evotomys  glareolus. 

In  190 1,  in  the  report  of  an  excursion  of  this  Association  to 
Grays,t  I  recorded  the  occurrence  of  M,  nivalis  in  the  brick- 
earth  of  that  locality.  This  record  was  based  upon  a  detached 
tn,  Y,  and  a  further  prolonged  study  of  this  tooth  has  convinced 
me  of  the  accuracy  of  this  determination.  The  specimen  is 
again  referred  to  in  the  sequel,  and  so  far  as  I  know  this  was 
the  first  well-founded  record  of  M,  nivalis  as  a  former  inhabitant 
of  Britain. 

The  difficulty  which  obviously  exists  in  determining  the 
remains  of  this  species,  arises  from  the  fact  that  one,  in  deter- 
mining the  fossil  remains  of  voles,  and  particularly  those  obtained 
from  fluviatile  deposits,  has  to  rely  practically  wholly  on  the 
evidence  afforded  by  the  pattern  of  the  first  lower  and  third 
upper  molars.  Now  the  tn,  y  of  some  varieties  of  M.  nivalis  is 
occasionally  very  difficult  to  distinguish  from  the  extreme  forms 
met  with  in  such  species  as  Evotomys  glareolus^  M,  arvaliSy  M. 
agrestis  and  M.  gregalis.  With  regard  to  the  m,  5,  its  typical  recent 
form  is  usually  distinctive  enough,  but  unfortunately  this  form 
appears  to  be  very  rare  in  the  British  deposits. 

It  is  necessary  to  here  allude  to  one  or  two  points  connected 
with  the  structure  of  microtine  molars  in  general,  as  they  throw  a 
good  deal  of  light  on  certain  problems  connected  with  the  varia- 
tions in  form  seen  in  the  two  diagnostic  teeth,  viz.  :  the  m,  j  and 
the  m.  ?.  It  has  long  been  known  that  the  investing  enamel  sheet 
is  not  of  equal  thickness  throughout ;  that  in  lower  molars  it  is 
thicker  on  the  anterior  walls  of  the  prisms  than  it  is  on  the  pos- 
terior ones,  and  that  the  converse  to  this  holds  good  as  regards 
the  upper  molars.  J  Dr.  Forsyth  Major  has  demonstrated  the 
fact  that  in  well-worn  teeth  the  enamel  sheet  entirely  disappears 
at  one  point  in  the  anterior  loop  of  the  m,  y,  and  also  in  the  pos- 
terior loop  of  the  m.  ^.§  Consequently  the  comparatively  soft  den- 
tine here  appears  as  forming  part  of  the  periphery  of  the  tooth,  and, 
being  no  longer  constrained  by  the  enamel,  runs  riot,  and  most 
extensive  variations  of  form  are  the  result.  Practically  all  the 
specific  distinctions  to  be  demonstrated  in  the  dentition  of  the 
subgenus  Microtus  are  drawn  from  the  variable  parts  of  these  two 
teeth,  !>.,  their  terminal  loops.  The  fact  that  the  terminal  loops 
vary  so  greatly  throughout  the  subgenus  is  really  not  so  sur- 
prising as  the  equally  well-attested  fact  that  on  the  whole  the  vari- 
ations observed  very  constantly  range  themselves  round  certain 

*  Nehring,  Zeits  f.  gts.  Naiurwiss,      Bd.  xlv  (1878),  p.  335. 
f  Hinton,  Proc.  Geol,  Assoc.^  xvii,  p.  143. 

t  See  for  example  the  figures  given  by  Dr.  Merriam  in  N,  Am.  Fauna ^  No.  2,  PI.  iv,  etc. 
§  Forsyth  Major,  Proc.  Zool.  Soc^  1902,  vol.  i,  p.  106^  text  fig.  13,  fig.  27*  and  in  uiany  of 
the  teeth  of  Mimomys  there  figured. 
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points^  and  that  these  points  coincide  in  general  with  species,  and, 
in  some  cases,  even  with  varieties  founded  often  on  quite  other 
characters.  Dr.  Rorig  and  Dr.  Borner,  in  a  recent  elaborate 
paper  •  enter  very  exhaustively  into  the  subject  of  the  inequalites 
of  the  enamel  sheet,  evidently  thinking  themselves  the  first 
to  observe  these  features.  They  say  that  the  enamel  becomes  a 
very  thin  continuous  band  in  the  terminal  loops  of  w.  ^  and  m,  ^ 
'  but  this  is  hardly  an  accurate  statement,  for  except  in  very  young 
teeth  careful  examination  will,  as  a  rule,  show  it  to  be  entirely 
absent  as  above  stated. 

Several  authorities,  among  whom  may  be  mentioned  Woldrich, 
and  Rorig  and  Borner,  have  asserted  that  certain  series  of  all  but 
insensible  variations  may  be  traced,  which  lead  from  one  species 
with  a  comparatively  simple  molar  pattern,  through  other  species 
to  a  form  characterized  by  molars  of  a  more  complex  type. 
Although  not  in  a  position  to  discuss  this  question  fully  on  the 
present  occasion,  I  wish  to  briefly  allude  to  it,  as  it  is  of  import- 
ance to  the  palaeontologist.  Woldiich's  researches  were  conducted 
principally  on  a  large  series  of  fossil  jaws  from  the  Moravian 
Caves. t  Inspection  of  his  numerous  figures  will  show  that  not 
only  are  some  of  the  variations  very  discontinuous,  but  that  his 
arrangement  of  the  series  is  quite  an  arbitrary  one  in  many  cases, 
various  alternative  arrangements  being  open  to  us,  so  that  we  may 
proceed  to  any  given  point  in  the  series  by  very  different  routes. 
Rorig  and  Borner  J  on  the  other  hand  have  argued  that  the  dental 
pattern  supposed  by  palaeontologists  to  characterize  M.  gregalis 
occurs  also  in  the  arvalis  group  of  species  as  an  individual  varia- 
tion. This,  I  venture  to  think,  is  not  a  serious  objection  to  the 
diagnostic  value  of  the  molar  pattern  for  two  reasons  ;  firstly, 
because  M,  gregalis  is  precisely  that  recent  species  of  which  we 
possess  the  minimum  of  knowledge ;  and  secondly,  whether  the 
pattern  supposed  to  differentiate  its  w.y  from  all  other  species  occurs 
in  the  arvalis  group  or  not,  there  can  be  no  doubt  that  the  great 
majority  of  the  arvalis  individuals  possess  a  pattern  peculiar  to 
their  own  group,  and  different  from  the  pattern  of  gregalis.  The 
general  principle  that  in  so  far  as  each  group  of  species  possesses 
a  pattern,  on  the  whole  peculiar  to  itself,  which  is  shared  by  the 
great  majority  of  its  individuals,  such  patterns  are  diagnostic  of 
species  is,  in  my  opinion,  very  difficult  to  assail,  although  at  the 
same  time  it  is  not  always  safe  to  record  a  species  upon  an  isolated 
tooth,  since  the  diagnostic  pattern  may  occur,  though  very  rarely, 
in  abnormal  individuals  of  other  groups. 

The  m,  y  of  M,  nivalis  consists  essentially  of  a  posterior  loop — 
five  more  or  less  completely  closed  triangles  and  an  anterior  loop 
— these  elements   being  common   to   this  tooth   in  the  whole 

•  Rorig  and  BSrner,  vlrfr.  a.d.  Kaiu  Biol  Anstalt  /.  Land-und  Forstwirthscha/t,  1905, 
Band  v,  pp.  37-79. 

t  Woldrich.  Sitxb.  d,  k.  Akad,  Wi§n,  Math,  Nat,  CL,  Bd.  90,  p.  387. 
X  Rorig  and  Bdrner,  op,  cit.,  pp.  7^-7^ 


THE  ALPINE  VOLE   IN   BRITAIN.  4.3 

subgenus  Microtus.  The  posterior  loop  and  the  closed  triangles 
or  prisms  afford  us  no  distinctive  characters  unless  it  be 
that  the  angles  terminating  the  prisms  are  somewhat  sliarper 
than  is  usual  in  most  other  species.  In  the  form  called  M. 
peirophiius  there  is  a  tendency  for  the  hind  wall  of  the  prisms, 
and  especially  those  of  the  outer  side,  to  become  bilobed.* 
The  pnncipal  distinction  must  be  drawn,  however,  from  the  form 
and  composition  of  the  anterior  loop.  If  we  examine  this  part  of 
the  m.  Y  of  M.  nivalis  we  find  that  the  outer  and  inner  posterior 
walls  of  the  anterior  loop  are  formed  of  thin  enamel,  and  that 
they  correspond  to  the  posterior  walls  of  the  fourth  outer  and  fifth 
inner  prisms  respectively.  From  the  junction  of  the  inner 
posterior  wall  with  the  inner  side  of  the  anterior  loop  we  find  a 
band  of  very  thick  enamel  extending  forwards  to  near  the  antero- 
intemal  extremity,  where  it  ends  off  abruptly.  This  we 
immediately  recognise  as  the  anterior  wall  of  the  fifth  inner 
prism  turned  from  the  transverse  position  held  by  its  prede- 
cessors into  a  longitudinal  one.  Similarly  on  the  outer  side  we 
find  a  stretch  of  very  thick  enamel,  the  anterior  wall  of  the  fourth 
outer  prism,  but  which  does  not  extend  so  far  forwards  as  its 
companion  of  the  inner  side,  though,  like  the  latter,  it  ends  off 
quite  abruptly  in  front.  Between  the  abrupt  terminations  of 
these  stretches  of  thick  enamel  there  is  a  broad  arcuate  expanse 
of  dentine,  forming  the  periphery  of  the  triturating  surface,  and 
which  in  the  well-worn  crown  is  entirely  free  from  any  investiture 
of  enamel  (Plate  I,  Figs,  i,  7,  10,  and  18).  Thus  it  is  clear  that 
no  rudiment  of  either  a  sixth  inner  nor  a  fifth  outer  prism  enters 
into  the  composition  of  the  anterior  loop  of  M,  nivalis.  The  fifth 
inner  and  the  fourth  outer  prisms,  each  considered  as  a  whole,  are 
turned  obliquely  backwards  out  of  the  normal  lateral  position  to  a 
greater  or  less  degree — a  character  which  attains  its  highest  expres- 
sion in  the  typical  M,  nivalis  and  in  M,  imitator^  Bonhote.f 
Sometimes  only  one  of  the  prisms  shows  this  axial  revolution. 
Its  tendency  is  to  increase  the  length  of  margin  formed  by 
dentine  alone.  The  anterior  loop  may  be  completely  closed 
behind  or  pretty  widely  confluent  with  the  fourth  inner  prism. 

Apart  from  its  rooted  condition  the  m,  y  of  Evotomys 
distinguishes  itself  by  the  fact  that  the  fifth  inner  angle  is  usually 
rudimentary,  by  the  more  concentrated  and  confluent  character 
of  the  whole  tooth,  and  also  by  an  interesting  tendency  to 
bilateral  complication  of  the  posterior  loop— a  variation  to  be 
frequently  seen  in  this  remarkable  genus,  but  of  extremely  rare 
occurrence  in  Microtus,  The  possession  of  five  closed  triangles 
by  the  m,  y  of  M,  nivalis  at  once,  of  course,  distinguishes  this 
tooth  from  any  of  the  subgenera,  Pcdomys^  PitymySy  Arvicola^  etc. 

*  Blasias,  SdugithUft  DtHtschlands,  p.  360,  fig.  196.  The  figure  shows  this  feature  on 
the  second  inner  prism  of  9n,2. 

t  Bonhote,  AnH.&  Mag,  Nat,  Hist,  Ser.  7,  voL  xv,  pp.  197-199. 


44  MARTIN   A.   C.    HINTON  ON 

The  species  from  which  it  is  necessary  to  carefully  distinguish 
nivalis  are  M.  ratiiceps^  M.  arvalis,  M,  agresds,  M,  gregalis^ 
etc.  In  the  m,  y  of  M.  ratticeps  the  fourth  inner  prism  is  widely 
confluent  with  the  anterior  loop ;  the  fourth  outer  is  very  feebly 
developed  and  usually  only  present  in  a  flattened-out  condition 
forming  an  enamel  wall  to  the  anterior  loop.  The  fifth  inner 
shows  no  backward  turning,  and  there  may  be  a  small  sixth  inner 
prism. 

The  w.  Y  of  the  typical  M,  arvalis  distinguishes  itself  at  once 
by  the  fact  that  the  fifth  inner  and  fourth  outer  prism  if  not 
shut  off  are  yet  quite  distinct  from  the  anterior  loop,  and  do  not 
help  to  form  it.  There  is  often  a  sixth  inner  and  a  fifth  outer 
prism.  In  some  varieties  the  fifth  inner  tends  to  merge  with  the 
anterior  loop,  but  there  is  no  backward  turning  and  consequently 
the  anterior  loop  is  very  different  in  form  to  that  of  M,  nivalis. 
Sometimes  the  fourth  outer  prism  shows  a  backward  turning,  bui 
this  usually  results  in  more  distinctly  separating  the  prism  from 
the  anterior  loop.  Certainly  nothing  is  seen  either  in  J/,  arvalis 
or  in  its  near  ally,  M.  a^restis,  which  ever  approaches  the  typical 
M,  nivalis,  M,  hucurus,  or  M.  petrophilus,  and  such  forms  as 
do  come  near  some  of  the  ill-defined  teeth  of  M,  nivalis  show 
on  examination  either  an  extra  prism  in  front  or  some  difference 
in  form  which  satisfactorily  serves  to  distinguish  them. 

The  group  of  voles  in  which  the  distinction  of  the  w.  x  from 
that  of  M.  nivalis  presents  the  greatest  difficulty  is  undoubtedly 
that  which  may  be  regarded  as  represented  by  M.  gregalis. 
And  here  the  difficulty  is  felt,  not  when  dealing  with  the  typical 
forms,  for  they  are  distinct  enough,  but  when  dealing  with  some 
of  the  ill-defined  teeth  occasionally  met  with,  especially  in  the 
M,  leucurus  and  to  a  less  degree  in  the  M,  pctrophilus  sections  of 
the  M,  nivalis  group. 

The  typical  m,  y  of  M,  gregalis  distinguishes  itself  from  this 
tooth  in  other  groups  by  some  very  characteristic  features.  The 
third  outer  infold  or  cement  space  is  wide  and  to  a  lateral  view 
quite  open.  The  result  of  this  is  that  its  anterior  wall  passes 
into  the  anterior  loop  without  forming  a  backwardly  projecting 
angle  and  usually  without  forming  a  fourth  outer  angle  at  al!. 
The  external  border  of  the  anterior  loop  is  much  elongated  and 
approximately  straight ;  this  is  well  seen  in  the  figures  given  by 
VVoldPich,*  Newton,t  and  others.  On  its  inner  side  the 
anterior  loop  develops  one  or  two  angular  projections,  thus 
giving  rise  to  a  fifth  or  even  a  sixth  inner  angle ;  and  this  fifth 
inner  angle  never  shows  the  backward  turning  so  frequently  seen 
in  M,  nivalis.  In  addition,  the  thick  parts  of  the  enamel  are 
usually   appreciably   thinner   than   in   M.    nivalis.      The   long, 

•  Woldflch,  Siizb.  d.  *.  Akad.  Wien,  Math.  Nat.  CI.,  Bd.  Ixxxii,  Abt.  U,  Taf.  II, 
fig.  13.  Bd.  Ixxxlv.  Abt.  i,  Taf.  ii,  fig.  48. 

t  Newton,  Quart.  Joum,  Giol,  Soc.,  vol.  1,  PI.  xl,  fig.  12a, 
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Straight  anterior  loop  is  well  seen  even  in  the  **  arvaloid "  form 
of  Dr.  Woldftch*  where  a  fourth  outer  angle  is  developed.  I 
have  examined  at  one  time  or  another  a  great  number  of  fossil 
jaws  referred  to  the  M.  gregaiis  group,  and  as  far  as  my 
experience  goes  the  variation  is  principally  confined  to  the 
development  or  absence  of  a  small  sixth  inner  angle,  the  degree 
of  openness  of  the  third  outer  infold  which  varies  within  quite 
narrow  limits,  and  the  extent  to  which  the  long,  straight  outer 
wall  of  the  anterior  loop  tends  to  become  curved  or  broken  up 
into  small  angular  waves. 

It  is  now  necessary  to  detail  the  evidence  upon  which  my 
determination  of  the  M.  nivalis  group  as  a '  constituent  of  the 
British  Pleistocene  fauna  is  based.  The  remains  yielded  by  the 
deposits  of  the  Lower  Thames  Valley  will  be  first  noticed,  and 
afterwards  those  from  other  localities  will  be  dealt  with. 

All  the  nivaloid  remains  so  far  known  from  the  Thames 
deposits  have  been  obtained  from  the  brickearths  of  the  Middle 
Terrace.  There  is  no  trace  of  M,  nivalis  among  the  few  vole 
remains  known  from  the  High  Terrace  deposits,  but  little  or 
nothing  can  be  based  on  this  because  not  only  are  fossiliferous 
sections  in  these  deposits  exceedingly  scarce  but  Dr.  Forsyth 
Majort  has  already  shown  that  a  nivaloid  vole  occurs  in  the  far 
older  Upper  Freshwater  Bed  of  West  Runton,  so  that  we  may 
conclude  that  the  nivalis  group  first  established  itself  in  Britain 
in  late  Pliocene  times. 

Grays  Thurrock. 

As  already  mentioned,  I  recorded  the  occurrence  of  M.  nivalis 
in  the  Grays  brickearth  in  1901.  The  record  rests  on  a  right 
m.  X  possessing  a  short  anterior  loop  with  a  somewhat  angulated 
antero-intemal  extremity,  thus  resembling  the  recent  Af  peiro- 
philus  (PI.  I,  fig.  5).  Comparison  with  Dr.  Forsyth  Major's 
figure  will  show  that  the  specimen  stands  about  midway  between 
M.  nivaloides  of  the  West  Runton  deposit  and  M,  pctrophilus, 

CRAVFORD   AND    ErITH. 

The  brickearth  of  Crayford  and  Erith  has  yielded  remains 
referable  to  the  M,  nivalis  group  in  abundance,  associated  with 
such  other  voles  as  M,  ratticeps,  gregaiis,  and  at  least  two  members 
of  the  gregaiis  group  which  are  new  to  science,  Arvicola  amphibius, 
and  the  Lemmings.  Numerous  examples  are  contained  in  the 
collections  of  Mr.  A.  S.  Kennard,  Mr.  G.  White,  and  myself,  and 
I  daresay  others  occur  in  several  Crayford  collections  which  I 
have  not  yet  examined.  Mr.  White's  specimens  were  obtained 
from  the  great  Crayford  pit,  while  Mr.  Kennard  collected  from 
the  new  pit  to  the  north  of  this.     My  best  thanks  are  due  to  both 

•  WokiHch.  op.  cU.,  Bd.  Ixzziv,  Ab.  i.  Taf.  li.  fig.  47- 

t  Forsyth  Major,  Proc.  Zool.  Soc,  1902,  vol.  !,  p.  106,  text  fig.  15,  fig.  19. 
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these  gentlemen  for  the  kindness  with  which  they  placed  their 
collections  at  my  disposal. 

One  of  the  most  characteristic  examples  I  have  seen  is  a 
right  m,  T  in  Mr.  White's  series  (PL  I,  fig.  6).  The  short  arrow- 
head-shaped  anterior  loop  is  very  similar  to  some  of  the  recent 
examples  from  Italy,  kindly  lent  to  me  by  Dr.  Forsyth  Major 
while  the  slightly  angulated  an tero- internal  extremity  of  the  loop 
resembles  what  is  seen  in  M.  petrophilus.  A  left  m,  y  in  Mr. 
White's  collection  affords  a  very  good  illustration  of  another  type 
of  M\  nivalis^  characterised  by  a  rather  long-pointed  anterior 
loop,  the  fourth  outer  and  fifth  inner  prisms  being  turned  back- 
wards (PI.  I,  fig.  7).  This  tooth  is  very  much  like  the  form 
figured  by  Rorig  and  Borner  (op.  city  fig.  44//).  A  right  m.  y  in 
my  collection  shows  a  somewhat  similar  form,  in  which  the 
anterior  loop  is  very  long,  and  the  thick  enamel  on  the  outer 
side— /.^.,  the  anterior  wall  of  the  fourth  outer  prism  preserves 
some  of  its  primitive  concavity — a  character  which  allies  the 
specimen  with  a  well-marked  form  or  species  of  the  nivalis  group, 
which  will  be  described  later  on  (PI.  I,  fig.  8). 

A  right  w.  T  in  Mr.  White's  collection  (PL  I,  fig.  9)  shows  a 
M.  ieucurusAWiQ  form,  the  fourth  outer  prism  not  being  produced 
backwards  into  a  prominent  angle.  A  very  fine  right  m,  y  in 
Mr.  Kennard's  collection  shows  pronounced  backward  revolution 
of  the  fourth  outer  and  fifth  inner  prisms,  and,  moreover, 
admirably  illustrates  the  parts  which  the  thick  enamel  walls  and 
bare  dentine  play  in  the  structure  of  the  anterior  loop  (PL  I, 
fig.  10). 

The  anterior  half  of  a  right  ramus  in  Mr.  White's  collection 
contains  the  m,  y  and  m,  y  (PL  I,  fig.  11).  The  former  tooth  is 
interesting,  recalling  as  it  does  in  some  respects  the  m,  y  of  the 
Kashmir  species,  J/,  imitator^  recently  described  by  Mr. 
Bonhote.  The  m,^  of  this  specimen  has  the  anterior  prisms 
confluent  with  each  other. 

An  imperfect  right  ramus  presented  to  the  Museum  of 
Practical  Geology,  by  Mr.  Kennard,  contains  the  m,  y  (PL  I, 
fig.  T2);  the  form  of  the  anterior  loop  approaches  the  Clevedon 
species  to  be  described  later.  It  remains  to  notice  some  speci- 
mens from  Crayford  .which  approach  M.  Uucurus  in  form.* 
These  have  a  wide  open  third  outer  infold,  not  unlike  that  of 
•^-  ^''<?»^'"f»  and  the  fourth  inner  prism  is  more  or  less  confluent 
with  the  anterior  loop,  as  in  M,  raiticeps^  but  the  thick  enamel 
of  the  outer  side,  /.^.,  the  anterior  wall  of  the  fourth  prism  and 
the  structure  of  the  inner  side  of  the  loop,  satisfactorily  dis- 
tinguish these  teeth  from  the  w.  y  of  either  of  the  species  men- 
tioned. I  have  drawn  two  of  these  specimens,  one  belonging  to 
Mr.  White  and  one  to  Mr.  Kennard  (PL  I,  figs.  13  and  14).     One 

•CA  Woldrlch,  Sitth,  d,  k.  A  had,  Wien,  Math-nat  Cl„  Bd.  Uxxiv,  Abt.  I,  TaL  U, 
fig.  29. 
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(%•  '4)  is  interesting,  as  showing  a  little  thin  enamel  following 
the  thick  stretch  on  the  inner  side,  the  tooth  having  belonged  to 
a  young  individual. 

WiCKHAM. 

In  the  Spurrell  collection  (Museum  of  Practical  Geology, 
No.  5649)  the  anterior  half  of  a  left  ramus  containing  the  m,  y  is 
preserved.  The  specimen  is  of  very  large  size,  and  I  have  had 
some  difficulty  in  making  up  my  mind  as  to  its  affinities.  The 
form  and  structure  of  the  anterior  loop  probably  indicate  a 
species  of  the  nivalis  group  (PI.  I,  fig.  15).  The  enamel  is 
very  thick,  aud  I  believe  the  jaw  to  belong  to  a  form  distinct 
from  any  of  those  hitherto  noticed,  but  which  in  some  respects 
approached  M.  Uucurus  and  in  others  M,  maiei — the  new  species 
which  is  described  later  from  the  Clevedon  cave.  I  have  pre- 
ferred, however,  to  wait  for  further  material  before  bestowing  a 
new  name  upon  this  jaw. 

With  regard  to  the  deposits  other  than  those  of  the  Thames 
I  have  so  far  made  a  detailed  search  for  the  Alpine  vole  in 
the  collections  from  two  localities  only,  viz.,  the  Ightham  Fissure 
and  the  cave  near  Clevedon,  in  Somersetshire,  which  has  lately 
been  investigated  by  Dr.  Male,  his  brother,  and  Prof.  Reynolds. 
As  regards  the  Ightham  Fissure  there  is,  so  far  as  I  have  yet 
been  able  to  ascertain,  no  evidence  of  the  presence  of  Af,  nivalis 
there,  and  this  fact,  as  I  shall  endeavour  to  show  in  the  secjuel, 
goes  far  to  prove  the  late  Pleistocene  age  of  that  deposit. 

Clevedon  Cave. 

Dr.  H.  C.  Male  very  generously  presented  me  with  a  small 
series  of  the  numerous  jaws  of  Microtus  which  he  found  in  the 
Clevedon  deposit.  After  a  very  careful  examination  of  this 
material  I  came  to  the  conclusion  that  a  large  vole  belonging  to 
the  nivalis  group  was  represented  among  the  cave  fossils.  On  my 
informing  Dr.  Male  of  my  opinion  he  kindly  placed  the  remainder 
of  the  collection  in  my  hands  for  investigation.  Mr.  E.  T. 
Newton  had  previously  examined  this  series,  and  had  sorted  the 
specimens  out  into  the  M,  raiticeps^  AL  gregalis^  and  J/,  nivalis- 
like  forms,  and  I  should  state  here  that  in  the  shortness  of  the 
time  which  I  had  at  my  disposal  to  devote  to  this  large  series 
Mr.  Newton's  work  was  of  the  greatest  value  to  me,  because  it 
enabled  me  to  go  direct  to  the  points  upon  which  I  required 
evidence.  To  both  Dr.  Male  and  Mr.  Newton  I  would  here 
tender  my  warmest  thanks. 

The  nivaloid  voles  from  Clevedon  may  be  divided  into  two 
series,  viz.,  those  referable  to  existing  members  of  the  group,  and 
those  in  my  opinion  belonging  to  a  distinct  and  hitherto  unknown 
form. 
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(a)  Jaws  indistinguishable  from  recent  forms  of  the 
M,  nivalis  group. 
The  first  specimen  to  be  noticed  is  the  anterior  portion  of  a 
right  ramus  containing  the  ;;/.  j  and  m,  y  and  the  incisor.  The 
pattern  of  the  m,^  (PI.  I,  fig.  i6),  is  very  distinctive  of  M. 
nivalis^  and  as  regards  the  anterior  loop  is  intermediate  in  form 
between  the  teeth  shown  in  fig.  ^d  and  c  of  Rorig  and  Borner 
(op,  cif,y  With  regard  to  the  tn, ,,  the  second  outer  infold  does 
not  meet  the  enamel  wall  of  the  opposite  side,  but  on  the  other 
hand  more  nearly  does  so  than  is  usual  in  recent  M,  nivalis. 
However,  there  is  a  good  deal  of  variation  among  recent  in- 
dividuals in  this  respect.  Another  very  fragmentary  right  ramus 
containing  the  m.  y  supplies  us  with  similar  evidence.  Unfor- 
tunately, three  of  the  inner  prisms  are  badly  mutilated,  but  the 
anterior  loop  is  intact.  This  (PI  I,  fig.  i8),  agrees  perfectly 
with  one  of  the  forms  figured  by  Rorig  and  Borner  (fig.  44,  d^  op. 
cit,)y  and  can  only  be  referred  to  M,  nivalis.  The  presence  of  a 
petrophilusASke,  form  at  Clevedon  is  shown  by  a  fragment  of  a 
right  ramus  containing  the  m,  ^  and  m.  y,  the  former  with  the 
characteristic  short  anterior  loop  (PI.  I,  fig.  19).  The  M, 
IfucurusA'ike  form  which  we  have  already  seen  to  occur  at  Cray- 
ford,  is  also  represented  among  the  Clevedon  forms.  Two  rami, 
a  right  and  a  left,  each  containing  the  m,  y  and  w.  j,  and  each,  un- 
fortunately, wanting  the  hinder  part,  are  certainly  referable  to  this 
form.  The  m,  ^,  though  differing  in  slight  details  in  each  speci- 
men, exhibits  a  structure  very  similar  to  that  of  the  Crayford 
specimens  (PI.  I,  figs.  20-21).  The  m.^is  as  in  normal  Microtus^ 
i.e. J  the  second  outer  infold  advances  far  enough  across  the  crown 
to  substantially  shut  off  the  two  anterior  prisms  from  each  other. 
Other  examples  referable  to  one  or  other  of  the  nivaloid  forms  are 
seen  in  figs.  17  and  22. 

{b).  Nivaloid  jaws  not  referable  to  existing  members 
of  the  M.  nivalis  group. 

We  now  have  to  consider  a  series  of  jaws  which,  although 
referable  to  a  large  member  of  the  nivalis  group,  present  certain 
features  which  appear  to  be  sufficiently  distinctive  to  justify  a 
separate  specific  designation.  I  have  made  very  careful  drawings 
of  a  representative  set  of  the  first  lower  molars  of  this  series 
(PI.  I,  figs.  23-29).  Inspection  of  these  drawings  will  show  that 
the  ///.  Y  of  this  form  distinguishes  itself  from  that  of  the  other 
members  of  the  nivalis  group  ;  firstly,  by  the  greater  or  less  de- 
velopment of  the  antero-internal  extremity  of  the  anterior  loop,  so 
as  occasionally  to  form  a  slight  sixth  inner  angulation  ;  secondly, 
the  thick  enamel  of  the  outer  wall  of  the  anterior  loop,  />.,  the 
anterior  wall  of  the  fourth  outer  prism  retains  the  concavity  which 
characterises  the  anterior  walls  of  normal  prisms,  and  this  feature, 
of  course,  enhances  the  apparent  projection  of  the  fourth  outer 
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angle.  With  these  modifications  of  structure  the  anterior  loop  of 
the  m,  J  o(  the  Clevedon  species  usually  combines  great  breadth. 
For  this  new  form  I  venture  to  propose  the  name  of  Jf.  $maJes\  in 
order  to  associate  it  with  the  gentleman  to  whom  I  am  indebted 
for  the  material  enabling  me  to  define  it 

It  is  of  interest  to  notice  that  JA  ma/ei  is  represented  in  the 
deposits  of  the  Thames  Basin.  Thus  Dr.  Forsyth  Major  showed 
me  the  m,  ^  of  a  vole  from  Wickham  in  the  British  Museum 
which  appeared  to  be  indistinguishable  from  the  Clevedon 
species,  while  in  Mr.  WTiite's  collection  from  Crayford  there  is  a 
right  m.  y  which  only  differs  from  the  Clevedon  specimens  in  the 
somewhat  slighter  depth  of  the  fourth  inner  infold  or  cement 
space  (PI.  I,  fig.  29).  Some  of  the  examples  in  Mr.  Kennard's 
collection,  abo,  as  already  mentioned,  approach  this  form. 

The  Skull  and  ///.  ^. 

The  skull  in  the  AL  ftiva/is  group,  as  is  well  known,  presents 
certain  aberrant  characters  which,  taken  in  conjunction  with  the 
dentition,  strongly  mark  the  group  off  from  the  other  sections  of 
the  subgenus  Microtus,  It  is  therefore  to  be  regretted  that 
hitherto  no  example  from  British  deposits  has  been  preser\*ed. 
This  is  a  desideratum  which  the  caves  and  fissures  of  Somerset- 
shire will  probably  supply. 

With  regard  to  the  m.  ^  this  tooth  in  recent  J/,  nivalis  usually 
possesses  a  pattern  of  three  inner  and  three  outer  angles  (PI.  I, 
fig.  2a).  I  have  so  far  looked  in  vain  for  a  last  upp)er  molar  of 
this  type  among  the  British  specimens.  Very  few  maxillary 
teeth  were  preserved  from  the  Clevedon  Cave,  so  that  the 
specimens  before  me  from  that  locality  may  belong  to  some  of 
the  other  species  of  Microtus  which  occurred  in  the  cavern. 
Numerous  examples  are  before  me  from  Crayford,  and  of  these 
some,  I  think  must  belong  to  M.  nivalis.  Yet  they  all  differ 
from  the  usual  recent  form  in  ha\-ing  the  internal  corner  of  the 
posterior  loop  angulated  so  that  there  are  four  inner  angles 
instead  of  three.  The  m.  ^  of  a  young  skull  of  recent  M.  nivalis 
from  Monte  Cimone  in  the  collection  of  Dr.  Forsyth  Major 
possesses  the  rudiment  of  such  a  fourth  inner  angle  (PI.  I,  fig.  la), 
and  this  seems  to  suggest  that  the  fourth  inner  angle  is  a  disappear- 
ing structure  in  the  J/,  nivalis  group,  since  il  may  have  been 
permanently  developed  in  the  adult  J/,  nivalis  of  Pleistocene 
England  but  now  is  only  met  with  in  the  young  individuals.  In 
the  eastern  part  of  the  range  of  the  group,  />.,  in  Kashmir,  a 
nivaloid  vole,  M.  imitator^  Bonhote,  occurs  which  possesses  a  last 
upper  molar  of  still  more  complicated  form  than  that  which  may 
have  characterised  the  m,  ?  of  our  Pleistocene  races,  since  this 
tooth  has  four  outer  as  well  as  four  inner  angles.* 

•  Bonbote,  Ann,  &  Hag,  Nat,  Hist  Set.  7,  ▼©!.  xv,  p.  198. 
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MEASUREMENTS   OF   THE   JAWS    CONTAINING   THE  TEETH 
FIGURED   IN    PLATE    I. 
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Conclusion. 


In  my  opinion  the  evidence  that  has  been  detailed  in  this 
paper  renders  it  practically  certain  that  the  M.  nivalis  group  of 
voles  was  strongly  represented  in  Britain  during  Pleistocene 
times,  and  we  have  therefore  to  consider  what  bearing  this  fact 
has  on  our  ideas  of  Pleistocene  history.  Examining  the  present 
distribution  of  this  group  of  voles,  one  finds  that  all  the  existing 
forms  are  creatures  inhabiting  high  altitudes,  and  that  as  a 
general  rule  we  may  say  that  the  greater  the  altitude  the  more 
abundant  is  M,  nivalis.  It  seems  thus  to  be  a  group  incapable 
of  flourishing  far  from  the  vicinity  of  perpetual  snow,  and  there- 
fore we  may  argue  that  at  the  time  it  so  abundantly  peopled 
certain  localities  of  England  those  neighbourhoods  must  have 
suffered  a  climate  much  more  severe  than  that  obtaining  at  the 
present  day.  Yet  I  believe  that  this  conclusion,  sound  as  it  may 
superficially  look,  is  really  a  false  one,  and  that  we  only  arrive 
at  it  by  reasoning  from  premises  unnaturally  limited.  In  order 
to  obtain  an  accurate  notion  of  the  story  which  this  or  any 
Other  group  of  animals  has  to  tell  the  geologist  we  must  take 
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into  consideration  not  only  the  facts  relating  to  the  habits  and 
distribution  of  its  living  members  but  all  the  facts  relating  to 
its  past  history,  and  to  the  histories  of  its  former  and  present 
contemporaries  which  we  may  be  able  to  acquire.  In  other  words, 
the  wider  the  scope  of  our  premises  the  more  accurate  will  our 
deductions  tend  to  become. 

It  is  first  necessary  to  examine,  with  some  care,  the  earliest 
microtine  fauna  of  Britain.  In  the  Norwich  Crag  we  meet 
with  the  earliest  English  voles,  here  represented  only  by  that 
remarkable  genus  MimomySy  whose  history,  first  outlined  by  Mr. 
Newton  in  1882,*  has  since  been  admirably  investigated  by 
Dr.  Forsyth  Major.f  The  teeth  found  in  the  Norwich  Crag  are 
plainly,  for  the  most  part,  not  contemporary  with  that  deposit, 
but  have  been  derived  from  some  older  bed,  which,  so  far  as 
our  knowledge  goes,  is  now  totally  destroyed.  The  principal 
species  found  in  the  Norwich  Crag  occurs  also  in  the  Pliocene 
deposits  of  the  Val  d'Amo.  The  voles  of  the  genus  Mimomys^ 
are  characterized  by  rooted  molars,  and  the  w.  j  is  a  tooth  which, 
originally  possessing  three  outer  infolds  or  cement  spaces,  suffers 
a  progressive  atrophy  of  the  third  or  anterior  one.  It  is  a 
general  rule,  that  the  atrophy  of  any  valley  intersecting  a  molar 
tooth  proceeds  by  a  gradual  growing  or  knitting  together  of  its 
enamel  walls,  and  consequently,  as  the  tooth  is  worn  down, 
internal  portions  of  the  valley  or  cement  space  become  isolated 
from  external  portions  and  form  little  detached  enamel  rings  or 
fossettes  on  the  worn  triturating  surface,  which  thus  serve  to 
mark  the  former  extent  of  the  valley.  Continued  wear  finally 
obliterates  these  enamel  rings  and  then  no  trace  of  the  former 
valley  can  be  seen.  In  species  which  stand  near  the  starting 
point  of  the  valley  degeneration  such  internal  enamel  rings  may 
penetrate  the  crown  to  a  great  depth,  and  consequently  they 
will  persist  through  a  very  long  portion  of  the  life  of  the  tooth. 
In  the  Norwich  Crag  species,  M^pliocanicus^  this  is  the  case,  as  is 
shown  by  Dr.  Forsyth  Major. 

Coming  now  to  a  still  later  point  in  Pliocene  time,  that 
marked  by  the  East  Runton  deposit,  we  find  that  Mimomys  still 
alone  represents  the  voles.  Its  m.  y,  however,  has  degenerated 
a  little  further,  for  the  enamel  islet  tends  to  disappear  at  an 
earlier  stage  of  wear,  while,  on  the  other  hand,  the  development 
of  roots  is  a  little  more  tardy. 

In  the  still  later  Upper  Freshwater  Bed  of  West  Runton 
we  meet  with  Mimomys^  but  now  the  enamel  islet  is  only  found 
in  young  teeth.  Here,  too,  the  genera  Evotomys  and  Microtus 
make  their  first  appearance  in  England.  Two  sub-genera  of 
Microtus  are  represented,  viz.,  true  Microhis  and  Pitymys^  most 
of  the  remains  found  belonging  to  the  latter. 

*  Newton,  "  Vertebrata  of  the  Forest  Bed,"  p.  83. 

t  Fonytb  Major,  Proc,  Zool,  Soc,  (zgos),  vol.  i,  pp.  loa-io/. 
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Whence  came  these  voles  ?  We  may  infer  from  the  fact  that 
Mimomys  occurs  in  the  Italian  Pliocene  that  it  came  from  the 
south,  and  it  seems  probable  that  the  other  three  sections  had 
their  original  home  in  Central  or  South-Central  Asia,  and  that 
they  spread  eastwards  and  westwards  so  as  in  later  times  to 
acquire  a  more  or  less  circumpolar  distribution,  reaching 
America  by  North-Eastern  Asia,  and  Western  Europe  by  Asia 
Minor  and  Southern  Europe.  Pitymys  is  especially  a  good 
instance  in  support  of  this  claim  for  a  southern  origin,  for  to-day, 
driven  back  from  its  more  northern  outposts,  it  finds  a  refuge  in 
the  home  of  its  immediate  ancestors,  viz.,  in  Southern  Europe. 
Among  the  few  representatives  of  true  Microtus  from  the  West 
Runton  deposits,  we  find  the  earhest  English  member  of  the 
nivalis  group — M,  nivaloideSy  Major.  The  nivalis  group  is 
essentially  a  southern  one,  ranging  as  it  does  from  Kashmir  to 
the  Pyrenees,  not  occurring  north  of  the  Alps,  and  although  in 
Pleistocene  times  its  range  extended  as  far  west  as  Somerset- 
shire, it  appears  at  no  time  to  have  gone  farther  north  than 
Norfolk  or  Southern  Germany.  The  point  I  wish  to  make  on 
these  facts  is  that  we  do  not  owe  our  late  Pliocene  or  early 
Pleistocene  microtine  fauna  to  the  Siberian  migration  at  all;  as 
Dr.  Scharff  suggests,*  but  that  they  came  to  Engbnd  from 
Southern  Europe  long  prior  to  the  arrival  of  the  Siberian  forms. 

Between  the  deposition  of  the  Forest  Bed  series  and  that  of 
the  High  Terrace  drift  of  the  Thames  an  enormous  interval  of 
time  must  have  elapsed — a  gap  unspanned  by  any  English  mam- 
maliferous  deposit,  unless,  indeed,  certain  of  the  cave  deposits, 
such  as  those  containing  remains  of  Machairodus^  are  to  be  re- 
ferred to  this  age.  The  fauna  of  the  High  Terrace  drift,  so  far  as 
it  is  known,  has  a  good  deal  of  affinity  with  the  Forest  Bed  series. 
The  voles  represented  are  Mimomys^  which  was  detected  some 
years  ago  by  Mr.  White  and  myself,!  and  Evoiomys.  The 
Trogoniherium  has  been  determined  by  Mr.  Newton,  and  it  is 
noteworthy  that  the  Red-deer  which  occurs  is  a  small  form,  being 
accompanied  by  a  large  form  of  Fallow-deer.  This  fauna  I  hope 
shortly  to  fully  describe,  but  it  suffices  to  say  now  that  it  does 
not  show  the  mixture  of  northern  and  southern  forms  so  character- 
istic of  the  later  Pleistocene  deposits,  and  which  has  been  so  hard 
to  explain. 

Of  the  later  Pleistocene  deposits  the  most  important  series  for 
our  purpose  is  undoubtedly  that  formed  by  the  Middle  Terrace 
drift  of  the  Thames,  for  from  no  other  horizon  have  we  obtained 
so  complete  and  varied  a  picture  of  the  Pleistocene  mammalian 
fauna.  And  here  at  last  we  meet  with  evidence  of  the  invasion  of 
England  by  swarms  of  mammals  which  can  only  have  come  from 
Siberia  and  Eastern  Europe.     To  this  invasion  must  be  ascribed 

•  Scharff, "  History  of  the  European  Fauna,"  p.  aoi. 
•   t  Hinton  and  White,  Proc,  G*oi,  Assoc,  vol.  xvli,  p.  414. 
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the  presence  of  the  Lemmings,  the  numerous  species  of  the  sub- 
genus AficroiwSj  such  as  ratHceps^  arvalis^  agresiis^  and  the  great 
group  of  gregaJM  voles,  the  genera  CricetuSy  SpermophiluSy  and 
Laff>mys  among  the  Rodentia,  and  of  the  barren-ground  Reindeer, 
and  Sai^a  Antelope  among  the  Herbivora.  Some  of  the  older 
forms,  such  as  MimomySy  Trogontheriumy  and  the  large  Fallow- 
deer  had  at  this  stage  apparently  entirely  disappeared,  but  many 
others,  e.g.y  the  nivalis  group,  continued  to  flourish. 

This  brief  statement  of  facts  will  suffice  for  the  moment,  and 
it  is  necessary  now  to  examine  the  question  of  the  climatic  con- 
ditions of  PUocene  and  Pleistocene  England.  The  mammalian 
fauna  of  the  late  Pliocene  deposits,  and  that  of  the  High  Terrace 
deposits  teach  us  that  during  the  periods  which  they  represent  the 
climate  of  Britain  must  have  been  a  genial  one.  It  is  not  until 
late  Pleistocene  times  that  the  mammaliferous  deposits  begin  to 
give  us  contradictory  evidence  on  this  point.  Here,  as  we  have 
seen,  we  first  meet  with  those  northern  and  eastern  forms  in  such 
numbers  as  to  lead  one  to  postulate  cold  conditions  in  order  to 
account  for  their  existence  in  this  country.  At  the  outset  it  must 
be  admitted  that  if  we  have  regard  only  to  the  present  distribution 
of  these  cold-forms,  if,  for  example,  we  take  the  occurrence  of  the 
Arctic  Lemming,  and  recognise  that  to-day  it  is  confined  to  high 
northern  latitudes,  and  that  it  almost  studiously  avoids  even  the 
scanty  shelter  of  the  dwarf  birches,  which  extend  far  beyond  the 
northern  tree  limit  into  the  southern  parts  of  its  distributional 
area,  it  requires  no  strong  effort  of  the  imagination  to  conjure  up 
the  former  existence  in  Britain  of  Arctic  Tundra  and  sub- Arctic 
Steppes.  And  in  Germany  and  Austria,  where  such  evidence  be- 
comes still  more  striking,  we,  in  taking  stock  of  these  facts  only 
from  the  recent  habitat  standpoint,  are  almost  compelled  to  adopt 
such  views  as  those  so  ably  advocated  by  Prof.  Nehring,*  Dr. 
Woldficht  and  others.  But,  unfortunately  for  the  Steppe  and 
Tundra  theory,  so  far  at  least  as  Britain  is  concerned,  there  exists 
a  large  body  of  undeniable  evidence  in  the  other  scale,  and  the 
acceptation  of  the  theory,  moreover,  would  be  in  direct  conflict 
with  what  we  now  know  to  have  been  the  actual  physical  geo- 
graphy of  Britain  in  late  Pleistocene  times. 

Side  by  side  with  these  new  Steppe-forms  there  flourished  in 
the  south  of  England  the  old  group  of  southern  forms.  No  doubt, 
as  to  day,  the  different  mammals  chose  places  suitable  to  their 
different  modes  of  life — those  species  which  preferred  the  wood- 
land would  seek  it,  and  those  who  disliked  it  would  inhabit  the 
barer  uplands.  Indeed,  as  I  hope  to  show  on  another  occasion, 
we  have  actual  evidence  of  this  selection  of  localities  in  the 
Thames  deposits.     The  cold,  which  at  first  sight  appears  to  be 

•  Nehring,  Ueb4r  Tundren  und  SUppen,  Berlin,  1890. 

t  Woldfich.  Mitlh.  d.  Witner  Anthrop,  Gcs.,  Bd.  xi.,  p.  283,  and  papers  already 
ciled. 
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necessary  to  the  existence  of  the  Arctic  Lemming,  would  render 
the  existence  of  the  Hippopotamus  and  Ape  impossible,  and  yet 
we  know  that  all  three  animals,  and  many  others  having  require- 
ments similar  to  the  one  or  the  other  type,  managed  to  exist  at 
one  and  the  same  time  in  Southern  England.  Temperature,  we 
have  been  often  told,  is  the  principal  factor  governing  the  distribu- 
tion of  mammals,  and  it  may  be  conceded  that  in  some  cases  it 
is  so.  The  assertion  is  certainly  true,  universally,  to  the  extent 
that  an  Arctic  mammal  can  no  more  endure  the  torrid  zone  than 
a  torrid  mammal  a  boreal  clime.  But  at  the  same  time  one  must 
recognise  numerous  other  factors,  as  for  example,  food  supply 
(which  probably  is  the  only  universal  governing  factor),  or  the 
distribution  of  disease.  And  when,  as  in  the  present  case,  we  are 
endeavouring  to  write  the  history  of  a  remote  time  where  the 
evidence  given  by  the  species  which  were  then  living,  qua  tempera- 
ture, is  of  so  contradictory  a  nature,  pointing,  as  it  does,  to  two 
diametrically  opposed  extremes,  surely  the  right  inference  is  that 
the  temperature  cannot  have  been  extreme  at  all,  but  that  the 
winters  must  have  been  mild  to  suit  the  southern  forms,  and  the 
summers  cuol  in  order  to  accommodate  the  northern  species.  To 
my  mind,  therefore,  the  real  problem  to  be  solved  is  not  as  to 
what  climatic  conditions  held  sway  in  Britain  during  the  joint 
tenancy  of  the  northern  and  southern  mammalia,  but  the  question 
as  to  what  it  was  that,  at  a  later  time,  drove  some  forms  north- 
wards, others  southwards,  and  still  others  to  the  mountain  tops. 

In  this  paper  we  arc  concerned  only  with  the  voles,  but  in 
substance  the  argument  is  applicable  to  the  other  Pleistocene 
mammalia.  Briefly  put  my  contention  amounts  to  this  :  that  in 
order  to  explain  the  differences  in  distribution  which  have  been 
effected  since  Pleistocene  times  it  is  not  necessary  to  invoke  any 
substantial  change  in  climate,  and  that  on  the  other  hand  all 
such  differences  can  be  satisfactorily  accounted  for  by  taking  into 
consideration  the  reaction,  if  I  may  borrow  from  the  chemist,  of 
one  species  or  group  of  species  on  another.  The  most  severe 
competitor  in  the  struggle  for  existence  that  any  given  species  can 
have  is  another  species  of  similar  orcjanisation  performing  a 
similar  function  in  the  economy  of  nature.  This  principle,  not- 
withstanding some  apparent  exceptions,  is  probably  universally 
true.  The  slightest  advantage  tells,  and  the  species  wanting  it  is 
driven  back  step  by  step  to  its  original  home  or  local  centre  of 
dispersion. 

Let  us  apply  this  principle  to  the  voles.  We  have  seen  that 
in  probably  early  Pliocene  times  the  north-west  of  Europe  was 
colonised  by  a  southern  group,  Mimomys^  retaining  some  very 
primitive  features.  This  group  was,  so  far  as  we  know,  the  sole 
representative  of  the  voles  living  here  until  we  arrive  at  the  stage 
represented  by  the  Upper  Freshwater  Bed  of  West  Runton. 
Towards  the  end  of  the  Pliocene  period  new  colonists,  Evotomys^ 
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Pitymys^  represented  by  several  species,  and  Microius^  including 
the  mvaiis  group,  arrived,  also  coming  from  the  south.  The  date 
at  which  Pitymys  died  out  in  this  country  has  yet  to  be  ascertained. 
Mimomys  and  Evotomys  certainly  managed  to  survive  here  until 
the  time  represented  by  the  High  Terrace  of  the  Thames.  It 
may  also  be  presumed  that  some  of  the  forms  of  true  Aiicrotusy 
including  the  nivalis  group,  similarly  survived,  for  although  we 
have  not  found  their  remains  in  the  very  few  known  repositories 
of  the  High  Terrace  fauna,  yet  we  know  that  the  nivalis  group  was 
abundantly  represented  in  Britain  at  a  still  later  period,  viz.,  that 
of  the  Middle  Terrace.  Now  until  this  later  stage  is  reached  we 
have  no  evidence  at  all  of  the  existence  of  any  group  of  vole  in 
Britain  other  than  those  mentioned  above.  In  the  Middle 
Terrace  deposits  we  meet  with  the  first  evidence  of  the  arrival  of 
the  Siberian  voles.  As  on  the  Continent  so  here,  they  appear  to 
have  swarmed  in  rapidly.  Instead  of  the  two  or  three  species 
which  at  this  time  remained  to  us  as  the  wreck  of  the  Pliocene 
microtine  fauna,  we  received  perhaps  a  dozen  new  forms.  This 
in  itself  must  have  considerably  increased  the  severity  of  the  struggle 
for  existence,  a  struggle  which  had  been  previously  keen  enough, 
for  the  Siberian  forms  on  their  arrival  were  confronted,  apparently, 
only  by  the  nivalis  group,  then  at  its  zenith  in  point  of  range  and 
variety,  and  an  old  and  weak  member  of  the  Evotomys  genus. 

The  outcome  of  this  invasion  was  that  the  new-comers 
completely  supplanted  the  old  southern  forms.  This  is 
one  of  my  reasons  for  regarding  the  Ightham  Fissure  deposit  as 
of  late  Pleistocene  age,  for  examining  the  microtine  element  of  its 
fauna  we  find  no  trace  of  either  the  mvaiis  group  or 
the  older  form  of  Evotomys,  They  have  entirely  died  out,  and 
in  their  place  we  find  a  rich  assemblage  of  the  later  immigrants. 
But  with  the  extermination  of  the  British  nivalis  group  the 
reaction  of  one  species  on  another  did  not  cease.  Arvicola 
amphibius  alone  did  not  have  to  strive  hard  to  maintain  its 
position,  for  it  had  no  rival  in  function — it  had  taken  the  place  of 
the  long  vanished  Mimomys^  and  there  was  no  other  microtine  to 
dispute  possession.  Of  the  numerous  species  of  true  Microtus 
(of  which  we  have  still  a  very  imperfect  knowledge)  and 
the  lemmings  which  came  in  with  the  Siberian  migration, 
M,  agrestis  alone  has  managed  to  survive  to  our  days  as  a 
British  resident,  and  Evotomys  glareolits,  so  far  as  England  is 
concerned,  has  completely  ousted  its  northern  rival  E.  rutilusy 
which  I  believe  to  be  represented  with  it  in  the  Ightham  Fissure. 

Much  the  same  sort  of  history  can  be  read  from  the 
Continental  deposits  with  this  difference,  that  as  we  proceed 
eastwards  and  southwards  the  less  decisive  becomes  the  result  of 
the  struggle.  This  is  what  we  should  expect  since  we  are  pro- 
ceeding towards  the  centres  of  dispersion,  and  so  we  are  really 
overtaking  the  vanquished  forms  in  the  course  of  their  retreat. 
PROC.  Geol.  Assoc,  Vol.  XX,  Part  2,  1907.]  5 
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The  last  and  most  difficult  question  with  which  we  have  to 
deal  is  one  that  may  really  concern  the  origin  of  Alpine  and 
Arctic  faunas.  The  key  to  the  solution  of  the  problem  of  why  the 
nivalis  group  chose  to  inhabit  the  Alpine  peaks  and  should  now 
show  such  an  extraordinary  love  for  the  snow  line  lies,  in  my 
opinion,  in  the  geological  history  of  the  group.  We  have  seen 
how  this  group  spread  westwards  from  its  original  home  in  the 
south-east,  reaching  North-western  Europe  in  late  Pliocene  times, 
and  how  it  formerly  extended  northwards  across  the  plains  from 
the  Alps  and  Pyrenees  to  the  southern  and  south-western  shores 
of  the  Pleistocene  Sea  of  Europe.  I  submit  that  it  is  established 
as  a  fact  that  at  the  time  of  this  great  Pleistocene  extension 
of  the  group  the  climate  was  as  mild  as  at  present,  and  probably 
even  more  equable,  owing  to  the  different  distribution  of  land  and 
water  which  then  obtained.  It  follows,  therefore,  that  the  nivalis 
group  is  primarily  one  with  a  temperate  habitat,  and  consequently 
its  present  peculiar  Alpine  habitat  must  be  regarded  as  a  subse- 
quently acquired  attribute. 

We  have  also  seen  that  the  nivalis  group  was  exterminated  in 
Britain  and  the  plains  of  Central  Europe  by  the  competition  of 
the  rival  groups  of  voles  which  came  from  the  north  and  east,  and 
that  to-day  the  group  has  made  a  last  stand  in  the  mountains,  where 
for  the  moment  it  appears  to  be  secure  enough.  On  the  lower 
slopes  of  these  mountain  regions  it  might  possibly  hold  its  own 
against  the  newcomers,  and  in  summer  doubtless  the  conditions 
of  existence  would  be  congenial  to  the  species.  But  the  severe 
and  early  frosts  of  the  lower  mountain  slopes  would  hardly  fail  to 
be  detrimental  to  such  a  mammal.  It  would  learn  from 
experience  that  security  from  the  frost  could  only  be  had  from  an 
early  covering  of  snow,  and  consequently  it  would  eventually 
colonise  the  summits  where  the  snow-fall  is  early  and  remains 
unmelted  for  nine  or  ten  months  in  the  year.  This  view  of  the 
case  is,  in  my  opinion,  borne  out  by  a  perusal  of  Blasius's  graphic 
description*  of  the  habits  of  the  species  and  by  examining  its 
known  vertical  range.  Briefly  put,  these  facts  go  to  show  that 
the  protection  from  the  frost  afforded  by  the  snow  is  necessary  to 

*  Blasius,  Sdu^thitr*  Dnttschlands,  1857,  p.  3^'  As  this  book  is  not  one  of  the 
most  accessible  in  England,  it  may  be  as  well  to  quote  the  paragraph.  He  says :  "  Es  ist 
mir  kein  Beispiel  bekannt,  dass  sie  in  den  Alpen  regelmfissig  unter  3,000  Fuss 
MeereshOhe  getunden  ware.  Auch  bei  4,000  Fuss  scheint  sie  in  der  Reffel  noch  nicht 
h&ufig  vorsukommen.  Von  hieraus  aber  findet  man  sie  in  alien  HOhen  bis  su  den 
letsten  Grenspunkten  der  Vegetation.  In  der  Nahe  der  Schneegrense  erscheint  sie  am 
h&ufigsten.  Aber  sogar  Qber  die  Schneecrense  geht  sie  hinaus  und  bewohnt  noch  die 
kleinsten  Vegetationsinseln,  die  mit  oen  kOmmerlichsten  Alpenpflanzen  spirlich 
bewachsenen  BlOssen  auf  der  SOdseite  der  hohen  Alpenspitsen,  mitten  zwischen  ewigen 
Schneefeldem,  wo  die  warmen  Sonnenstrahlen  oft  kaum  zwei  bis  drei  Monate  lang  die 
wOchentllch  sich  emeuenden  Schneedecken  Qberwinden,  und  die  Erde  auf  wenlge 
Scbrltte  hin  frei  legen  kOnnen.  In  dieser  grossartigen  Gebirgseinsamkeit  verlebt  sie  aber 
nicht  bloss  einen  schfinen  kursen  Alpensommer ;  sondern  unter  einer  unverwustlichen 
Schneedecke  begraben  elnen  neun  bis  zehn  Monate  langen  harien  Alpenwinter.  Denn 
sie  wandert  nicht,  obwohl  sie  sich  im  Winter  ROhren  unter  dem  Schnee  anlegt,  um 
Pdansenwurzeln  su  finden,  wenn  die  gesammelten  Wintervorrfithe  nicht  ausreichen. 
Kein  anderes  S&ugethier  begleitet  die  Schneemaus  dauernd  uber  die  Welt  des 
Lebendigen  hinaus  bis  zu  diesen  luftiren  starren  Alpenhohen  ;  nur  einzeln  folgt  voruber- 
gehend,  als  onerbittUcher  Feind,  ein  Wlesel  oder  Hermelin  ihren  Spuren." 
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the  prosperity  of  the  species  in  its  present  elevated  home.  The 
conclusion  I  would  draw,  therefore,  is  a  paradox,  viz,  that 
M,  nivalis  seeks  the  eternal  snows  for  warmth,  and  the  principle 
which  has  been  urged  here  will,  I  believe,  be  found  to  apply  to  a 
great  number  of  other  mammals  which  to-day  are  confined  to 
Arctic  and  Alpine  regions,  but  which,  nevertheless,  had  formerly 
a  wide  range  throughout  temperate  Europe,  and  that  it  applies  to 
many  members  of  the  Alpine  and  Arctic  flora  has  been  often 
demonstrated.* 

The  laws  which  I  have  endeavoured  to  illustrate  in  these 
conclusions  have,  of  course,  long  been  known,  but  curiously 
they  have  often  been  overlooked  when  dealing  with  the  fossil 
mammalia.  A  more  general  recognition  of  such  principles  will 
lead,  in  my  humble  opinion,  to  the  adoption  of  far  sounder  and 
safer  views  with  regard  to  Pleistocene  history  than  many  of  those 
put  forward  in  the  past,  will  do  away  with  the  necessity  of 
invoking  vast  changes  in  climate  to  account  for  the  differences 
existing  between  the  past  and  present  distribution  of  animals  and 
plants,  and  may,  moreover,  have  a  not  unimportant  bearing  on 
that  nightmare— the  extreme  Glacial  theory. 

In  conclusion,  I  have  to  express  my  best  thanks  to  Dr.  C.  I. 
Forsyth  Major,  F.Z.S.,  for  the  very  generous  way  in  which  he 
helped  me  through  my  difficulties,  to  Dr.  C.  W.  Andrews,  P\R.S., 
Dr.  Frank  Corner,  F.G.S.,  Dr.  F.  L.  Kitchen,  F.G.S.,  Professor 
S.  H.  Reynolds,  M.A.,  F.G.S.,  and  Mr.  B.  B.  Woodward,  F.G.S., 
for  many  acts  of  kindness.  Lastly,  I  wish  to  thank  Mr.  E.  T. 
Newton,  F.R.S.,  for  the  kindness  which  I  have  so  often  ex- 
perienced from  him.  To  him  we  are  all  indebted  as  the  pioneer 
of  this  branch  of  palaeontology  in  this  country,  and  to  his  efforts 
we  owe,  primarily,  the  preservation  of  the  material  necessary  to 
these  researches. 

P.S. — Since  correcting  the  proofs  of  this  paper  I  have  had 
an  opportunity  of  glancing  through  Dr.  Scharff's  new  book, 
"European  Animals."  Dr.  Scharff,  I  think,  comes  to  much  the 
same  conclusion  as  I  do,  viz.,  that  the  Alpine  habitat  is  a 
secondary  one,  and  I  would  refer  the  reader  to  pp.  54  and  56, 
and  Chapters  vii,  viii  and  ix. 

EXPL.AN.ATIOX   OF  PL.ATE  I. 

In  the  figures  the  black  line  represents  the  enamel  as  seen  on  the  triturat- 
ing surface  of  the  molar  crown,  the  broken  or  thin  line  in  the  anterior  loop 
represents  the  region  where  the  enamel  is  absent,  and  the  shaded  areas  show 
the  extent  of  the  cement  in  the  valleys  of  the  tooth.  The  drawings  are  en- 
Urged  10  nearly  12  diameters,  and  were  made  with  an  Abbe  Camera-lucida. 

Fig.  I. — Microtus  nivalin  (recent),  Monte  Cimone,  Modenese  Apennines.  An- 
terior mandibular  molars,  left  side;  la.,  m. -  left  side  (In  col- 
lection of  Dr.  Forsyth  Major.) 

*  Scharfl,  "  History  of  European  Fauna,'*  pp.  78,  79,  161- 164,  and 
Bulman,  Natural  Science,  voL  iii,  1893. 
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Fig.  2, — Af.  nwalis  (recent),  summit  of  Monte  Cimone,  m.  ^  left  side  ;  3  a,  m.  ^ 

right  side.    (In  collection  of  Dr.  Forsyth  Major.) 
F»fir»  3» — ^  nivaiis  (recent),  Monte  Vecchio.    Apennines  of  Reggio— Emilia 

left  m.  J     (In  collection  of  Dr.  Forsytti  Major.) 
Fig.  4, — M.  nivaiis  (recent  t  ),  Boscolungo,  Pistojese  Apennines,  left  Mr.  ^' 

(In  collection  of  Dr.  Forsyth  Major.) 
Fig,  5. — M,  miva/is,  Pleistocene,  Gray's  Thurrock,  right  m.  j. 
Fig.  6. — M.  nivt/is,  Pleistocene,  Crayford,  right  m.^.    (In  collection  of  Mr.  G. 

White.) 
Fig.  7. — \f.  nivaiis.  Pleistocene,  Crayford,  left  m.  y.    (In  collection  of  Mr.  G. 

White.) 
Fig.  8. — Af,  nivalis^  Pleistocene,  Crajrford,  right  iw.  y. 
Fig.  9. — M,  nivalis^  Pleistocene,  Crayford,  right  iw.  y.    (In  collection  of  Mr.  G, 

White.) 
Fig.  10. — M.  nivalis^  Pleistocene,  Crayford,  right  m^^-    (In  collection  of  Mr. 

A.  S.  Kennard.) 
Fig.  II. — M,  nivalis^  Pleistocene,  Crayford.    The  anterior  molars  of  an  im- 
perfect right  ramus  in  the  collection  of  Mr.  G.  White. 
Fig.  12. — M,  nivaiis.   Pleistocene.   Crayford.     The  m.^  of  a  right  ramus. 

(Kennard  collection.  Museum  of  Practical  Geology,  No.  6018.) 
Fig,  13. — Af.  nivaiis.  Pleistocene,  Crajrford,  right  m.  ^.     (In  collection  of  Mr. 

A.  S.  Kennard.) 
Fig.  14.— A/,  nivaiis,  Pleistocene,  Crayford.    The  m.j  of  an  imperfect  right 

ramus  in  collection  of  Mr.  G.  White. 
F»8»»  15- — Aticrotus^  a  species  of  the  nivaiis  group.      Pleistocene,  Wickham. 

The  m.  ^  of  an  imperfect  right  ramus.*  'Spurrcll  collection,  Museum 

of  Practical  Geology  (No.  $649.) 
Fig.  16. — Af.  nivaiis,  Clcvedon  Cave.     The  m.  ^  of  an  impeKect  right  ramus 

in  collection  of  Dr.  H.  C  Male. 
Fig.  17, — Af.  nivaiis,  Clevedon  Cave.     The  m.  ^  of  a  right  ramus  in  collection 

of  Dr.  Male  f 
Fig.  18. — M.  nivaiis,  Clevedon  Cave.    The  in.  ^  of  a  right  ramus  in  collection 

of  Dr.  Male, 
^'ig-  I9« — 'V'  fiiv>iiis,  Clevedon  Cave.    Tlie  m.  ^  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  20. — Af.  nivaiis,  Clevedon  Cave.    The  m.^  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  21. — Af.  nivaits,  Clevedon  Cave.    The  m.  ^  of  a  left  ramus  in  collection 

of  Dr.  Male. 
Fig.  22. — Af.  nivaiis,  Clevedon  Cave.     The  m.  x  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  23. — Aftcro/MS,  a  species  of  the  nivalis  group,  Clevedon  Cave.     The  m.  ^ 

of  an  imperfect  left  ramus  in  collection  of  Dr.  Male. 
Fig.  24. — Af.  maiei,  n  sp.,  Clevedon  Cave.     The  m.  x  of  a  right  ramus  collected 

by  Dr.  Male. 
Fig.  25. — Af.  maiti,  Clevedon  Cave.     The  m.  ^  of  a  left  ramus  collected  by 

Dr.  Male. 
Fig.  25. — Af.  maiei,  Clevedon  Cave.     The  tn.^  of  a  left  ramus  collected  by 

Dr.  Male. 
Fig.  27. — Af,  maiei,  Clevedon  Cave.    The  m.  ^  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  28. — Aficrotus,  sp.,  Clevedon  Cave      The  m.  ^  of  a  left  ramus  in  collection 

of  Dr.  Male.     Inserted  in  the  Plate  by  an  error. 
Fig.  29. — Af.  maiei (}),  Pleistocene,  Crayford.     Right  m.  ^  in  collection  of  Mr. 

G.White. 


*  The  thick  enamel  of  the  outer  side  of  the  anterior  loop  is  shown  as  extending  a  little 
too  far  forward:^ 

t  The  fourth  outer  angle  is  made  a  little  too  sharpi 


S9 


THE     IGNEOUS     ROCKS    OF    THE     BRISTOL 
DISTRICT. 

By  Prof.  SIDNEY  H.  REYNOLDS,  M.A.,  F.G.S. 
(Rtad  May  3rd,  1907). 


CONTENTS. 


I.— Introduction        59 

II. — The  Silurian  Rocks — 

(1)  The  Tort  worth  District        59 

(2)  The  Eastern  Mendip  District         60 

III.— The  Carboniferous  Rocks      62 


I.     INTRODUCTION. 

THOUGH  the  Bristol  district  is  one  in  which  igneous  rocks  play 
a  very  subordinate  part,  se\'eral  very  interesting  types  are 
met  with,  belonging  to  two  distinct  geological  periods,  the  Car- 
boniferous and  the  Silurian.  The  rocks  occur  in  three  widely 
separated  parts  of  the  district,  and  it  is  a  noteworthy  fact  that  in 
each  case  after  it  had  long  been  thought  that  the  rocks  were 
intrusive,  further  research  has  proved  their  contemporaneous 
character. 

As  this  paper  is  merely  a  brief  resum6  of  already-published 
observations  by  various  authors,  it  has  been  thought  unnecessar}- 
to  give  full  references,  or  to  quote  as  a  rule  the  authorities  for  the 
statements  made. 

II.     THE  SILURIAN  ROCKS. 

A  special  interest  is  attached  to  the  Silurian  rocks  of  the 
Bristol  district,  from  the  fact  that  they  are  the  only  ones  of  that  age 
in  Great  Britain  which  are  known  to  include  contemporaneous 
volcanic  rocks.  They  occur  in  two  regions — the  Tortworth  dis- 
trict, in  Gloucestershire,  and  the  Eastern  Mendip  district,  in 
Somersetshire. 

I.  The  Tortworth  District*. 

The  Silurian  rocks  come  on  below  the  Old  Red  Sandstone 
round  the  northern  margin  of  the  Bristol  Coalfield,  and  extend  on 
to  the  Severn  at  Tite's  Point  (Purton  passage).  It  is  only,  how- 
ever, in  the  southern  part  of  the  area  that  the  Llandover}'  and 

•  An  account  of  the  igneous  rocks  of  this  District  by  Prof.  Lloyd  Morgan  and  the 
tatbor  has  been  published  in  the  Quarterly  Jourtml  of  the  Geological  Society  (Vol.  Ivii, 
1901,  pp.  367-^). 
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associated  igneous  rocks  occur.  The  latter  form  two  bands, 
which  can  be  traced  more  or  less  continuously  in  a  north-westerly 
direction  from  Charfield  Green  to  the  neighbourhood  of  Woodford 
Green.  Here,  however,  they  disappear,  and  though  the  Llan- 
dovery rocks  can  be  followed  round  the  margin  of  the  Coalfield 
for  a  further  distance  of  about  three  miles  no  trace  of  igneous 
rocks  has  been  met  with.  Each  igneous  band  consists  of  a  thick 
mass  of  trap  or  lava  of  an  andesitic  or  basaltic  character  and  of  a 
thin  overlying  band  of  calcareous  tuflF.  The  lava,  which  is  often 
highly  amygdaloidal,  is  exposed  at  many  points ;  the  upper  band 
has  been  quarried  at  Charfield  Green  (Cullimore's  quarry)  and 
Avening  Green,  and  the  lower  band  at  Damery  and  at  Horsley 
quarry,  Middlemill.  Damery  quarry  is  still  worked,  but  all  the 
others  have  been  abandoned  for  many  years. 

The  tuffs  are  only  met  with  at  two  points — CuUimore's  quarry, 
Charfield  Green,  where  the  tuff  is  seen  overlying  the  upper  lava 
band,  and  Horsley  quarry,  Middlemill,  where  it  overlies  the  lower. 
At  each  spot  the  exposure  is  unfortunately  very  bad.  At  Culli- 
more's  quarry  the  tuflF  is  dark  coloured,  and  consists  of  minute 
ashy  particles  thickly  scattered  in  a  calcareous  matrix.  Fossils 
are  very  plentiful ;  some  twenty  species  have  been  met  with,  the 
commonest  being  Favosites  gothlandica,  Orthis  rustica  and  Airy  pa 
reticularis.  At  Horsley  quarry,  Middlemill,  the  tuflF  is  again  cal- 
careous, but  bears  little  superficial  resemblance  to  that  at  Charfield 
Green,  consisting  of  a  pink  or  white  limestone,  with  large,  highly 
vesicular  lapilli  somewhat  sparsely  distributed  through  it.  The 
commonest  fossils  are  Favosites  gothlandica,  Stricklandinia  lirata, 

2.  The  Eastern  Mendip  District.* 

While  in  the  Tortworth  district  the  igneous  rocks  play  a  sub- 
ordinate part  as  compared  with  the  normal  sediments  of  Silurian 
age,  in  the  Mendips  the  whole  Silurian  series  is  of  igneous  origin. 
The  rocks  occur  in  the  most  easterly  of  the  four  periclinal  upfolds 
which  compose  the  Mendip  chain,  and  are  exposed  along  a  tract 
about  three  and  a-half  miles  long,  with  a  maximum  width  of  about 
a  quarter  of  a  mile,  which  extends  from  Beacon  hill,  near  Shepton 
Mallet,  on  the  west,  to  near  Downhead  on  the  east.  They  are 
completely  surrounded  by  the  Old  Red  Sandstone,  and  till  recently 
were  regarded  as  intrusive  in  that  formation.  They  show  three 
well-marked  lithological  types:  (i)  trap  or  lava,  (2)  normal  tuflF, 
(3)  coarse  ashy  conglomerate. 

(i.)  The  Trap  or  Lava. — This  is  the  prevailing  rock,  and  till  the 
recent  opening  of  several  new  quarries  added  to  the  facilities  for 
observation,  was  the  only  one  recorded.  It  is  worked  in  the  three 
large  quarries  of  Moon's-hill,  Sunnyhill,  and  Downhead.  It 
probably  forms  two  large  masses — a  western  mass  extending  from 

•  A  full  account  of  these  rocks  appears  in  the  Quarttrly  Journal  of  th$  Geological 
SocUfyt  1907,  voL  Ixili,  p.  2x7. 
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Beacon  hill  to  MoonVhill,  and  an  eastern  mass  extendin^r  froni 
Tadhill  to  Downhead.  It  shows  singulariy  little  variation  in 
character,  consisting  invariably  of  pyroxene  andesite,  both  augite 
and  enstatite  as  a  rule  being  present.  The  ground  mass  always 
plays  a  predominant  part. 

(2.)  The  normal  Tuf. — A  thickness  of  about  one  hundred 
feet  is  seen  in  Sunnyhill  quarry,  where  the  rock  dips  with  perfect 
regularity  below  the  lava^  and  a  mass  with  a  thickness  of  perhaps 
twenty-five  feet  occurs  apparently  interbedded  in  the  lower  part 
of  the  lava.  Evidence  of  the  presence  of  tuff  occurs  at  a  niunber 
of  points  along  the  southern  outcrop  of  the  lava,  which  appears  to 
be  untferlain  by  a  continuous  band  of  tuff.  The  tuffs  show  a  con- 
siderable amount  of  lithological  variation,  some  being  mainly 
formed  of  fragments  having  a  diameter  of  a  quarter  of  an  inch  or 
more,  others  consisting  only  of  the  finest  particles.  The  parti- 
cular interest  of  the  tuff  lies  in  the  fact  that  at  three  points  it  has 
yielcfed  Silurian  fossils.  They  were  found  most  abundantly  at 
Tadhill,  in  die  first  place  in  material  thrown  out  by  moles  and 
rabbits^  but  afterwards  in  a  section  temporarily  exposed  by  trench- 
ing. Some  two  dozen  forms  have  been  recognised,  the  commonest 
bein^  Rkynckonella  daridsoni  and  Orihis  eUgantuLa.  both  of 
which  occur  in  hundretis.  Phacops  diTwningicc  and  Lindstrccmta 
are  also  common.  At  Sunnyhill  certain  bands  in  the  lower  part 
of  the  tuff  section  yielde<i  poorly-preser\'e(i  fossils,  the  commonest 
again  being  Rhynclionella  davidsoni  and  Orthis  clegantula.  Un- 
fortunately, at  neither  locality  is  the  series  of  fossils  sufficient  to 
determine  with  certainty  the  exact  horizon  in  the  Silurian  series, 
but  the  probability  is  that  the  beds  are  of  Llandovery  age. 

(3.)  The  coarse  ashy  Conglomerate. — This,  the  most  remark- 
able rock  of  the  district,  occurs  in  two  areas  which  alternate  with 
those  of  the  trap  and  normal  tuff.  One  area  lies  on  the  slopes  of 
Beacon  hill  at  the  extreme  western  end  of  the  district,  the  other 
lies  between  the  Moon"s-hill  and  Tadhill  masses  of  trap.  In  no 
part  of  the  district  is  the  relation  of  the  coarse  ashy  conglomerate 
to  any  of  the  other  rocks  clearly  seen.  In  the  western  or  Beacon 
hill  area  the  coarse  ashy  conglomerate  was  originally  exposed  at 
the  Rifle  butts  on  the  slopes  of  Beacon  hill,  and  a  number  of 
trenches  have  now  shown  that  the  material  is  widely  distributeii  in 
the  neighbourhood.  In  the  eastern  area  the  rock  is  finely  exposed 
in  a  quarry  opened  during  1905  on  the  hill  top  a  quarter  of  a  mile 
to  the  east  of  Moon's-hill  quarry.  The  coarse  ashy  conglomerate 
is  also  seen  in  situ  at  a  little  pond  near  the  fossil  locality  at  Tad- 
hill. In  all  these  places  the  rock  consists  in  the  main  of  well- 
rounded  blocks  of  the  local  trap  embedded  in  a  topical  tuff  matrix, 
exactiy  similar  to  the  normal  fine  tuffs  of  the  district,  except  f<^r 
the  greater  abundance  of  non- igneous  matter  in  the  form  of  quartz 
grains  and  pieces  of  grit.  The  blocks  attain  a  length  of  ei^teen 
inches,  and  though  the  great  majority-  are  thoroughly  well  rounded. 
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some  are  subangular.  The  deposit  shows  little  or  no  sign  of 
stratification,  and  passes  at  one  point  into  a  mass  of  fine-grained 
luff  devoid  of  blocks. 

As  regards  the  nature  of  the  coarse  ashy  conglomerate  the  two 
most  probable  views  are  either  (a)  that  it  is  an  aqueous  deposit  of 
the  same  general  age  as  the  associated  trap  and  normal  tuflF,  or 
(b)  that  it  marks  the  position  of  the  necks  from  which  the  trap  and 
normal  tuflF  were  ejected. 

The  former  of  these  two  alternative  views  derives  its  chief  sup- 
port from  the  remarkably  rounded  character  of  the  great  majority 
of  the  blocks,  and  if  correct  would  imply  that  after  the  submarine 
deposition  of  the  normal  tuff  and  outpouring  of  the  trap,  the  sur- 
face of  the  trap  was  raised  sufficiently  to  bring  it  within  reach  of 
wave  action,  that  it  was  then  partly  broken  up,  and  that  the 
great  majority  of  the  resulting  blocks,  after  being  rolled  about  and 
waterworn,  were  embedded  in  a  matrix  of  tuflF  due  to  a  fresh  dis- 
charge of  ashy  material  of  a  nature  similar  to  that  which  had  been 
ejected  previous  to  the  outpouring  of  the  trap.  The  almost  com- 
plete absence  of  any  sign  of  stratification  in  the  coarse  ashy  con- 
glomerate tells  against  this  view.  The  latter  view,  according  to 
which  the  coarse  ashy  conglomerate  represents  two  volcanic  necks, 
is  perhaps  the  more  probable  of  the  two,  and  is  supported  by  the 
almost  complete  absence  of  stratification  in  the  deposit,  and  by 
its  occurrence  in  two  well-marked  and  isolated  regions,  one  at  the 
extreme  western  end  of  the  area  and  the  other  between  the  two 
large  trap  masses  of  Downhead — Tadhill  and  Moon's-hill.  The 
rounded  character  of  the  blocks  would  on  this  hypothesis  be  due 
to  mutual  friction  either  in  the  throat  of  the  volcano  or  perhaps 
partially  in  the  air. 

III.     THE  CARBONIFEROUS  ROCKS*. 

Igneous  rocks  occur  associated  with  the  Carboniferous  series 
of  Northern  Somerset  at  the  following  places:  Middle  Hope  or 
Swallow  CliflF,  near  Woodspring  Priory ;  Spring  Cove  and  Miltoa 
hill,  both  near  Weston-super-Mare;  Goblin  Combe,  near  Wring- 
ton,  Uphill,  and  near  Cadbury  Camp,  North-east  of  Tickenham. 
At  Middle  Hope,  Spring  Cove,  Milton  hill,  and  Goblin  Combe  the 
trap  rocks  are  associated  with  a  series  of  tuflFs,  and  their  con- 
temporaneous character  is  clear;  at  Uphill  and  near  Cadbury 
Camp  only  trap  rocks  occur,  and  their  contemporaneous  character 
is  a  matter  of  inference  rather  than  proof.  It  is  an  interesting  fact 
that  the  igneous  series  does  not  in  every  case  occur  at  the  same 
stratigraphical  level  in  the  Carboniferous  limestone;  at  Spring 
Cove  and  on  Milton  hill,  where  the  development  is  a  continuation 
of  that  of  Spring  Cove,  the  series  occurs  low  down  in  the  Syringo- 

•  Geikie  and  Strahan,  •'  Summary  of  Progress  of  Geol.  Survey  for  1898,"  pp.  104- 
III :  Lloyd  Morgan  and  Reynolds,  Quart.  Joum.  Geol.  Soc.  vol.  Ix,  (1904).  pp.  137-157,  and 
Brist,  Nat,  Soc,  Proc.t  new  series,  vol.  z,  part  Ui,  1904  (issued  tor  1993),  pp.  188-aia. 
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thyris  Zone  (C)  of  Dr.  Vaughan's  notation.  At  the  remaining  four 
localities — Middle  Hope,  Goblin  Combe,  Uphill,  and  Cadbury 
Camp — it  occurs  on  horizon  y.,  i.e.,  some  200  to  250  feet  lower 
in  the  series.  In  no  case  does  the  igneous  series  attain  a  greater 
thickness  than  about  loo  feet,  nor  does  the  evidence  point  to  the 
occurrence  of  volcanic  action  on  a  large  scale. 

As  regards  the  petrography  of  the  rocks  they  are  always 
definitely  basaltic  in  character,  i.e.,  rather  more  basic  than  the 
Silurian  rocks  (rf  Tortworth  and  the  Eastern  Mendips.  The  tuffs, 
too,  which  are  highly  calcareous,  are  also  basaltic.  They  vary  in 
character  from  tuffs,  in  which  the  calcareous  matter  merely  plays 
the  part  of  a  matrix  uniting  the  ashy  particles,  to  limestones  in 
which  the  ashy  particles  are  only  thinly  scattered. 

Some  details  concerning  the  several  sections  may  now  l>e  given. 


I.  Middle  Hope  or  Swallow  Cliff,  near  Woodspring 

Priory. 

This  locality  includes  a  series  of  four  sections  of  the  igneous 
series,  exposed  along  the  northern  shore  of  Swallow  cliff,  the  most 
westerly  of  the  four  (No.  i)  being  the  most  complr-te  anrl  inten^st- 
ing  of  all  the  sections  of  Carboniferous  volcanic  rocks  in  the  dis- 
trict.    The  section  is  as  follows : 

ft. 
12.  Massive  limestone  (horizon  C),  with  large  lapilli  in 
the  lower  7  or  8  feet  to  top  of  cliff 

II.  Reddish  limestone 6 

10.  Green  tuff 9 

9.  Ashy    limestone  6 

5.  Basalt,      much      weathered     and     often     highly 

amygdaloidal 12-14 

7.  Green  tuff 12 

6.  Limestone,  full  of  Zaphrentis  and  other  fossils    .  15 

5.  Reddish  limestone  6 

4.  Tuff about  12 

3.  Limestone  with  fossils 3 

2.  Tuff about  12 

I.  Cherty  and  crinoidal  limestone  to  base  of  section 

Thickne3s  of  igneous  series  ....    about  100 

The  remaining  three  sections  all  agree  in  the  fart  that  no  lava 
occurs,  the  igneous  series  consisting  solely  of  tuffs.  Two  of  the 
sections  (Xos.  2  and  3)  lie  at  a  distance  of  alxjut  thre<;-quarters  of 
a  mile  to  the  east  of  the  principal  section,  and  the  third  (Xo.  4) 
near  St.  Thomas'  Head,  about  half-a-mile  still  farther  to  the  ea.st. 
The  occurrence  of  these  sections  is  due  to  small  faults  which  shift 
the  outcrop  to  the  north.  In  Section  Xo.  2  the  igneous  series  is 
about  95  feet  thick,  and  in  Section  Xo.  3  al)out  80  feet  thick. 
They  agree  in  the  fact  that  several  limestone  bands,  which  in 
Section  Xo.  i  separate  several  of  the  tuff  hands,  have  disappeared, 
so  that  the  tuffs  have  run  together,  and  some  bands  attain  a  thick- 
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ness  of  about  25  feet.  The  fourth  and  last  section  shows  a  much 
attenuated  representative  of  the  volcanic  series,  only  some  4  feet 
of  ash  and  ashy  limestone  being  exposed. 

2.  Spring  Cove,  near  Weston-super-Mare. 

While  at  Middle  Hope  the  importance  of  the  lava  is  sub- 
ordinate to  that  of  the  ash ;  at  Spring  Cove  the  reverse  is  the  case, 
the  lava  predominating.  The  principal  member  of  the  igneous 
series  is  a  mass  of  basalt,  having  a  thickness  of  about  40  feet 
and  a  length  of  about  150  yards  is  exposed.  It  has  been  described 
in  detail  by  Prof.  W.  S.  Boulton,  on  whose  paper*  the  following 
account  is  based.  It  is  not  a  simple  basalt  flow.  The  seaward 
portion  is  a  compact,  red,  slightly  amygdaloidal  olivine  basalt. 


C. — Syringothyris  Zone. 

•y.— Horizon  "y,  i.e.   the  top  of  the  Zaphrentis  Zone 
Za.— Zaphrentis  Zone  (Cornucopia:  Subzone). 
F-Fault.  T— Tuff. 

Fig  I.— Sketch  Section  Across  the   Middle  Hope  Promontory.— 

T,  F,  Sibly. 

with  occasional  lumps  of  limestone.  Then,  a  little  more  than  half- 
way from  the  low-water  end,  it  changes  in  character  and  becomes  a 
\ery  coarse  tuff  or  agglomerate  with  lenticular  masses  of  slaggy 
basalt  5  to  6  feet  long,  and  limestone  masses  of  still  larger  size. 
This  continues  for  about  20  or  30  yards,  when  the  rock  once  more 
becomes  a  basalt,  very  amygdaloidal  and  often  variolitic,  with 
pillow  structure,  large  included  limestone  masses  and  some  tuflF. 
With  regard  to  the  middle  portion  Prof.  Boulton  considers  that 
"it  probably  represents  a  torrent  of  agglomeratic  material  that 
flowed  down  a  slope  on  the  surface  of  an  already-extruded  bed  of 
lava,  carrying  in  among  the  finer  lapilli  larger,  irregular,  and  plastic 
masses  of  scoriaceous  basalt-lava  of  the  nature  of  bombs,  together 
with  lumps  and  fragments  of  limestone,  which  from  their  form 
and  broken  character  suggest  that  they  were  ejected  from  the  vent 
with  the  basaltic  material.''  The  limestone  overlying  the  basalt 
contains  disseminated  ashy  particles  up  to  a  height  of  at  least 
8  feet  from  the  base. 

•  Quart,  Joum,  G$ol.  Soc,  vol.  Ix  (1904),  pp.  158- 169. 
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ON     THE    CARBONIFEROUS    LIMESTONE 

(AVONIAN)     OF     BURRINGTON     COMBE 

AND     CHEDDAR. 

Bv  T.  F.  SIBLY,  B.Sc.  F.G.S. 
{RMd  May  3rd,  1907). 

I.— THE  BURRINGTON  COMBE  SECTION. 

THIS  section,  which  is  by  far  the  most  extensive  in  theMendips, 
exhibits  an  unbroken  succession  extending  from  the  base  of 
the  Avonian  up  to  the  basal  portion  of  the  Dibunophyllum-Txin^. 
The  total  thickness  of  Avonian  rocks  included  in  the  section  is 
about  2,600  feet,  of  which  about  80  feet  belong  to  the  Dibuno- 
phyllum-TjOnQ.  The  corresponding  part  of  the  Avon  section  has  a 
thickness  of  about  2,000  feet,  the  diflFerence  being  due  to  a  great 
expansion  of  the  Zaphrentis-  and  Syringothyris-Zones  in  the  Men- 
dip  area. 

The  upward  succession  is  from  south  to  north.  At  the 
southern  end  a  gradual  passage  from  the  O.R.S.  up  into  the 
Avonian  is  seen.  Duplicate  sections  of  the  lowest  portion  of  the 
series,  comprising  K  and  a  i>art  of  Z,  are  afforded  by  two  ravines 
which,  furrowing  the  lower  slopes  of  Blackdown,  open  into  the 
upper  part  of  Burrington  Combe.  The  remainder  of  the  series  is 
exposed  in  the  Combe  itself.  At  the  northern  end  the  section  is 
terminated  by  the  outcrop  of  the  Dolomitic  Conglomerate. 

The  base  of  the  Diburtopkyllum-Zone  is  exposed  in  a  small 
quarry  at  the  mouth  of  the  Combe,  on  the  eastern  side.  The  beds 
contain  a  characteristic  assemblage  of  D 1  fossils.  The  Seminula- 
Zone  extends  from  this  quarry  to  Plumley's  Den,  a  deep  cavern  on 
the  east  side  of  the  Combe.  The  upper  beds  of  the  zone  Sjr 
exposed  here  and  there  on  the  grassy  slope,  yield  characteristic 
fossils,  such  as  Seminula  -ficoideSy  Productus  corrugato-hemi- 
sphericus  and  Lithostrotion  Martini^  and  the  lower  beds  Sj  are 
exposed  at  a  quarry ;  but  the  zone  as  a  whole  is  not  well  displayed, 
and  the  distinctness  of  Si  and  S2  is  not  very  easily  recognis- 
able. The  lithological  characters  of  these  two  zones  do  not  call 
for  special  mention. 

The  Syringothyris-ZonQ,  consisting  entirely  of  massive  lime- 
stones, is  finely  displayed.  Oolitic  limestones  are  prominent, 
especially  in  the  upper  part,  and  the  lower  beds  are  slightly  dolo- 
mitic. The  typical  development  of  this  zone,  consisting  of  an 
unbroken  series  of  fossiliferous  limestones,  exhibited  here,  prevails 
throughout  the  Mendip  area,  and  forms  a  marked  contrast  with 
the  abnormal  development  found  in  the  Avon  section.     The  zonal 
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fauna,  which  is  poorly  represented  in  the  Avon  section,  is  here 
typically  developed.  In  the  upper  beds,  between  Plumley's  Den 
and  the  cave,tfie  common  occurrence  of  Cyaihophyllum  ^  is  notice- 
able. In  the  lower  part  of  the  zone,  at  the  cave  and  farther  up 
the  Combe,  characteristic  fossils,  such  as  Syringothyris  cuspidata 
and  Michelinia  cf.  megastoma,  can  always  be  found.  The  lowest 
beds  of  the  zone,  just  above  Horizon  y,  yield  Schizophoria 
resupinata,  large  specimens  of  Orthothetes^  and  a  very  large 
papilionaceous  Choneics. 

The  great  thickness  of  the  Zaphrmiis-Zont  forms  a  prominent 
feature  of  the  Mendip  sequence,  and  is  well  seen  in  this  section. 

Horizon  y  is  exceptionally  well  displayed,  and  affords  a  good 
collecting  ground  for  both  corals  and  brachiopods.  The  great 
abundance  of  Caninia  cylindrical  in  association  with  Zaphrentis 
aff.  Phillipsi  and  Z,  afF.  cornucopia^  is  immediately  noticeable. 

Up  to  a  p>oint  lying  about  200  yards  beyond  the  outcrop  of 
Horizon  y  the  Combe  has  followed  a  direction  not  far  removed 
from  the  line  of  dip.  At  this  point,  however,  the  gorge  bends 
sharply  eastwards,  and  afterwards  runs  approximately  along  the 
line  of  strike.  The  massive  limestones  in  Z2  form  the  main  part 
of  a  magnificent  escarpment  on  the  north  side  of  the  road.  The 
fossils  of  this  sub-zone  can  be  collected  from  the  heaps  of  d6bris 
at  the  foot  of  the  escarpment.  The  common  occurrence  of 
Amplexus  cf.  coralloides,  Michelinia  cf.  favosa  and  Caninia 
cylindrica  is  noticeable.  Chert,  in  nodular  and  lenticular  masses, 
is  abundantly  developed  in  the  beds  of  this  zone,  especially  in  Zj, 
The  fossils  of  Z ,  can  be  collected  on  the  slopes  on  the  south  side 
of  the  road.  Spirifcr  aff.  claihratus  and  Choneics  cf.  hardrcnsis 
in  great  abundance,  and  all  their  usual  associates,  can  be  found. 
Horizon  /3  is  not  exposed. 

The  stream-sections  in  both  of  the  tributary  ravines  aflFord 
exposures  of  the  Cleistopora-Tjontj  but  neither  of  these  sections  is 
easily  accessible  throughout  the  whole  extent  of  the  zone.  The 
eastern  ravine  affords  the  better  section.  The  zone  exhibits  its 
usual  characters.  K2  and  K,  can  be  examined  only  by  working 
up  the  bed  of  the  stream,  but  the  Modiola-phsise  (K„,)  is  more 
readily  accessible.  The  shales  of  the  Modiola-phase  yield 
Ostracods  in  abundance,  and  Modioliform  lamellibranchs. 


II.— THE  CHEDDAR  SECTION. 

The  Cheddar  Gorge  affords  a  section  extending  from  the  Upper 
Syringothyris-Zone  into  the  Upper  Dibunophyllum-Zone. 

C2  is  not  so  well  exposed  as  at  Burrington.  The  uppermost 
beds  contain  Cyaihophyllum  ^    commonly. 

The  importance  of  the  section  lies  in  the  fine  exposure  of  Sj. 
In  this  respect  the  Cheddar  section  supplies  one  of  the  chief 
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.ipgocsxiiY  aawatss  /mmmii.  niAvavriaum  Jtiirrzm  jnd  Samamua 
isjuus  ►ijccar  jhiminuitiy  so  variuiis  'en^is.  r!ie  jpper  beds  of 
rae  satrmsat^  -scrz  'apeil  ^aEooaei  in  x  '.Ary  niamr  .n  die  ^rg?. 
tTjifiAi'ii  ^TMCicttr  *#  in  jresr  ^uncianr^ :  F^'rfiixtcats  stmi- 
TT^kTMJtms^  ancSv.  ii-^nns  Trmmnniy  ir  tins  'eret.  jnd  Ar&yrrs 
<f.  £rMs«c  J.  fasBL  ihnracEzisdc  jf  C.    ,ind  St  in  ±e  \ftsidips», 

A  3£^y  Tnp?psrrng  fearme  if  St  in  die  C!M?*idar  aet-tion  is 
:ae  ^ycr^rnsaas:  li  x  soerisiL  ^uuul  jt  die  base.      r!ie  .^haxacreisni- 

aad  Sprznar  •:£.  ^v:3zas — ire  jasoriated  \¥itii  Ji/itTrj  of. 
gLarzsarz^  jod.  Ijxmsanmm  Mjmm,  T!iis  rauna  Is  ipmmciy 
i«rx  xxaliaed  ni  im  nssrrbiitian.  It  is  equally  'Teil--ieTeknjed  st 
dfe  ame  inrarn  jc  W<^scnn-riiip«r-Mii£e ;  bwr  oo  similar  ieveiap- 
OKsxc  bask  yec  been  recoided  in  any  nhts-  parr  if  die  Stiutii>west«n 
Frcw^oc^  mil  30  3ace  of  ir  has  b«?ei  iisraveieti  sir  HumiigroiL. 
Tbe  ai:riacn  is  ^weil  «cgtised  or  Chetidar.  dnd  fossils  oan  ^woys  be 
rofletne-L 

S^  55  a^t  ic  Tf^  ixaci>ert  :"iTr  -^xamin;ition>  biir  rhe  .Thoie  sub- 
rirje  is  ini:iiii5e?i  in  ne  it-rticn  n  die  nwer  pirr  i  die  jnr^e. 
Bazafs  rccminTng  in  jlmmianre  if  Liz/u^sir -rim  Mzrrim  .ir 
i<sicrxa£x  'urtdds  -iron  be  seen  in  piat'es. 

D-  is  z<r.rj^  -isrrseft  in  a  iisiise-i  luairv  ir  rhe  :^n^Tm^e  ai  rhe 
^rxi^,  icme  raoni'e  scurh    i  rhe  rViff  Hi}iei. 
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NOTE  ON   THE  CORAL  ZONES   OF  THE 
AVONIAN  (LOWER  CARBONIFEROUS). 

By  ARTHUR  VAUGHAN,  B.A.,  D.Sc,  F.G.S. 
{Read  May  3rd,  1907), 

RECOGNISING  how  limited  is  the  time  which  the  Geolo- 
gists' Association  can  spare,  during  their  visit,  for  the  study 
of  the  faunal  succession  in  the  Avonian  rocks  of  the  Bristol  area, 
I  have  prepared  the  following  brief  statement  of  the  main  results 
of  recent  work ;  only  the  broadest  outline  is  here  sketched  and 
details  are  purposely  omitted  in  order  that  attention  may  not 
be  diverted  trom  the  essential  facts. 

The  Corals  and  Brachiopods  are  the  only  groups  which  have, 
as  yet,  been  specially  studied  in  regard  to  their  succession  and 
mutation  during  Avonian  time.  Of  these  two  groups,  the 
corals  are  of  the  greater  service  in  that  their  rate  of  variation  with 
time  is  more  considerable,  and  also  in  the  fact  that  mere 
fragments  are  readily  determined  by  horizontal  sectioning.  The 
Brachiopod  succession,  although  very  valuable  as  confirming  tlie 
sub-divisions  based  upon  the  coral  sequence,  cannot  be  ade- 
quately treated  within  the  limits  of  a  necessarily  short  note. 

The  Coral  Succession. 

The  Avonian  comprehends  almost  the  complete  histor>-  of 
Carboniferous  Corals  in  the  British  Isles.  In  the  lowest  beds 
corals  are  rare,  in  the  main  portion  they  occur  in  profusion, 
and  extremely  few  forms  transgress  the  upper  limit. 

In  the  lowest,  or  Cietstopora-zonQ  (K),  true  Avonian  Corals 
are  notably  absent.  A  species  of  Cleistopora,  clobcly  allied  to 
CUisiopora  geomeirica  of  the  Devonian,  forms  a  valuable  index 
to  the  zone,  although  it  is  rare  except  at  one  or  two  levels. 

With  the  Zaphrentis-zonQ  (Z)  we  encounter,  in  Zaphrentis  aff. 
Phillipsiy  the  earliest  representative  of  the  true  Avonian  Coral- 
fauna.  This  simple  Zaphrentis  comes  in  at  the  base  of  Z, 
increases  to  a  maximum  in  the  upper  part  of  the  zone,  and 
rapidly  declines  in  number  in  the  succeeding  Syringothyris-zon^, 

The  uppermost  part  of  the  Zaphrentis-zon^  witnesses  the  acme 
of  Zaphrentis,  In  Belgium,  a  large  number  of  species  of  this 
genus  have  been  recorded  from  this  level ;  but  in  the  South- 
West  Province  all  the  Zaphrentes  are  mainly  referable  to  two 
species,  namely  Zaphrentis  aff.  Phillipsi  and  Z.  aff.  cornucopice. 
The  latter  is  a  specialised  and  easily-recognised  form  which 
especially  characterises  the  upper  part  of  Z  (Z^). 
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Within  the  SyringothyriS'Zon^  (C),  all  the  great  groups 
which  become  dominant  factors  of  the  Coral-fauna  in  higher  zones 
are  already  represented  by  prc^enitors  of  simple  21aphrentoid 
type,  which  clearly  exhibit  the  source  from  which  they  were 
derived  [The  same  abnormal  activity  of  variation  is  exhibited 
with  equal  clearness  by  the  Brachiopods  of  the  Syringoihyris-zon^ 
and  it  is  a  suggestive  fact  that  this  period  of  exceptional  faunal 
change  synchronised  with  the  epoch  of  main  earth-movement 
during  Avonian  time].  The  earliest  coral  group  to  succeed 
ZaphrentiSy  as  the  dominant  factor  in  the  Coral-fauna,  was  that  of 
the  Campophyllids.  The  lower  part  of  the  C  zone  (Ci)  is 
characterised  by  the  abundance  of  Caninia^  the  most  zaphrentoid 
of  all  the  Campophyllids.  Upper  Syringothyris-ixxtit,  (Q)  witnesses 
the  evolution  of  the  Cyathophylla  from  the  Campophyllids  and 
the  parallel-development  of  the  Cyathophylloid-Ca/nr/<7/^j^/ib:, 
these  two  groups  dominating  Q.  (N.B. — The  Syringothyris-ixm^ 
is  the  uppermost  zone  of  the  Toumaisian  or  Lower  Avonian). 

The  Seminuia-zone  (S),  named  from  the  extreme  abundance 
of  Seminuia  ficoides  throughout  the  whole  extent  of  the  zone, 
forms  the  base  of  the  Vis^n  or  Upper  Avonian.  It  is  dis- 
tinguished by  the  enormous  abundance  of  Lithostrotion,  both 
dendroid  {Siphonodendron)  and  massive  {Nematophyiium).  This 
prolific  genus  is  derived  from  a  Cyathophylloid-Campophyllid 
stock,  and  the  earliest  forms  are  practically  devoid  of  columella. 

In  the  lower  part  of  the  zone  (S,),  Cy2X\\o^hy\\o\d'Campophyiia 
are  still  common,  whereas,  in  the  upper  part  (S,),  Carcinophyllum 
(a  Campophylloid-Clisiophyllid)  becomes  an  important  factor  in 
the  fauna  and  heralds  the  incoming  of  the  more  typical  Clisio- 
phyllids. 

TTie  Dibunophyilum-zone  (D)  marks  the  acme  of  coral 
development  and  is  essentially  characterised  by  the  establishment 
and  dominance  of  the  true  Clisiophyllids,  which  increase  in 
structural  complexity  as  they  pass  upwards  through  the  zone. 

The  lowest  subhzone  (D,)  contains  simple  structural  types 
such  as  Dibunophyllum  0  and  Koninckophyllum  0  which  exhibit 
no  great  advance  upon  highly  developed  Lithostrotions,  and  with 
these,  at  the  base  of  the  zone,  Carcinophyllum  is  still  abundantly 
associated. 

TTie  middle  sub-zone  (D,)  includes  more  highly  specialised 
forms  such  as  Dibunophyllum  i/^,  and  is  especially  characterised 
by  the  abundance  of  Lonsdalia, 

The  highest  sub-zone  (D,)  contains  no  corals  in  the  Bristol 
area,  where  it  is  represented  by  the  Millstone  Grit 

Descriptions  and  figures  of  the  Coral  Genera  referred  to 
above  will  be  found  in  the  paper  by  the  Author,  Bristol  Nat,  Soc, 
Froc  (1906^,  pp.  130-148. 


1*R0C  Geol.  Assoc.,  Vol.  XX,  Part  2,  1907.] 
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The  annexed  table  illustrates  the  method  of  recc^nition  of 
the  various  Avonian  Zones  by  the  presence  or  absence  of 
particular  coral-groups. 

The  distinction  of  the  sub-zones  (in  ascending  order)  is  as 
follows : 

(Z)  f  (Zi)  ZqfiA.  aff.  comucopic^  absent 
^  '  l(Z,)  „  present ;  Caninia  at  top. 

^(d)  Zaphrentis^   usually     common;    Cyathophyllum^ 

practically  absent 
(Cj)  First  establishment  of  Cyathophyllutn ;    Zaph- 

rentis  rare. 
(Si)  CyzXho^hyVioxd-Cafnpophylia^  common ;  Carciruh 

phyllum  mendipense, 
(Ss)  Cyathophylloid-CV»yf/^^^^/^a,      rare;       Carcino- 

phyllum  e. 
(Di)  Dibunophyllum  0,  Koninckophyllum  0^    Carcino- 

phyllum  0. 
(Df)  DUmnqphyllum  tf^,  Lonsdalia, 
(Ds)  A  2^phrentid  phase  characterised   by  Cyathax- 

onia   rushiana^  Zaphrentis    afif.    Enniskilleniy 

Amplexi-Zaphrentis, 


(C) 


(S) 


(D) 


The  first  establishment  of  Uthostrotion  marks  the  start  of 
Vis^an  or  Upper  Avonian,  and  the  base  of  the  Semtnula  zone. 

The  first  establishment  of  Zaphrentis  marks  the  base  of  the 
ZaphrentiS'ione. 

The  first  establishment  of  Dibunophyllum  marks  the  base  of 
the  Dihunaphylium-zon^ 

N.B. — ^These  three  assumptions  are  purely  matters  of  con- 
vention, and  introduce  a  small  error  representing  relative 
acceleration ;  this  error  is,  however,  practically  unimportant  in 
comparison  with  the  zone-interval. 
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VISIT    TO    THE    BRUCE    CASTLE    MUSEUM, 
TOTTENHAM. 

Saturday,  March  9TH,  1907. 

Director:     Thomas  W.  Reader,  F.G.S. 

{Report  by  The  Director.) 

The  party,  numbering  twenty-five,  assembled  at  the  castle  and  the 
Director  gave  an  account  of  the  interesting  building  now 
occupied  by  the  museum. 

Bruce  Castle  stands  upon  the  site  of  a  residence  of  Waltheof, 
who  was  Earl  of  Huntingdon  at  the  time  of  the  Conquest 
The  earl  was  •  beheaded  for  conspiracy,  but  his  wife,  who  was 
a  niece  of  William  the  Conqueror,  was  allowed  to  retain  the 
house  and  lands.  At  her  decease  they  passed  to  her  only 
daughter  Maud,  who  married  as  her  second  husband  David  I., 
King  of  Scotland,  who  became  in  her  right  Earl  of  Huntingdon. 
At  his  death  the  estate  passed  to  his  son  Henry,  and  then 
successively  to  his  grandsons,  Malcolm  IV.  and  William  the  Lion, 
Kings  of  Scotland.  The  last-named  conferred  it  on  his  brother 
David,  Earl  of  Huntingdon,  whose  daughter  Isabel  was  married 
to  Robert  Bruce,  the  father  of  the  competitor  for  the  Scottish 
crown  in  the  time  of  Edward  I.  Edward  decided  in  favour  of  the 
counter-claimant  Baliol,  and  Bruce  and  his  son  are  said  to  have 
resided  subsequently  on  their  estate  at  Tottenham,  which  was  named 
Bruce  Castle  or  Le  Bruses.  On  the  rebellion  oif  his  more  famous 
grandson  Robert  Bruce,  who  thereby  became  King  of  Scotland, 
the  manor  was  forfeited  to  the  crown,  and  its  connection  with  the 
Bruces  ended. 

After  passing  through  several  hands  the  property  was  given 
by  Henry  VIII.  to  Sir  William  Compton,  Groom  of  the 
Bedchamber,  and  in  15 16  the  King  met  his  sister  Margaret,  wife  of 
James  IV.,  King  of  Scotland,  in  this  house,  which  had  been 
rebuilt  by  Sir  William  Compton  more  or  less  in  its  present  style. 

Some  fifty  years  later  Queen  Elizabeth  was  the  guest  of 
Lord  Compton  at  the  castle.  From  the  Comptons  the  castle 
passed  to  the  Lords  Coleraine  of  the  family  of  Hare,  and  it 
was  altered  to  practically  its  present  condition  by  one  of  them  in 
the  latter  part  of  the  1 7th  century.  From  them  it  came  to  the 
Townsend  family,  and  was  eventually  bought  by  Sir  Rowland 
Hill,  of  penny  postage  fame,  who  turned  it  into  a  school,  a 
condition  in  which  it  remained  until  a  few  years  ago. 

The  party  were  then  conducted  over  the  Museum  by  Mr.  F.  J. 
West,  the  Borough  librarian.  He  said  that  when  the  school 
was   given   up  it   was  felt   by   many   in  Tottenham   that   this 
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building,  whose  history  just  given  by  Mr.  Reader,  showed  links 
with  kings,  queens,  and  nobles,  ought  not  to  be  pulled 
down  and  the  ground  built  over,  and  with  the  assistance  of 
Mr.  Joshua  Pedly  the  property  was  purchased  by  the  Tottenham 
Local  Board. 

Mr.  West  said  that  he  was  desired  to  express  the  regrets  of  the 
Chairman  of  the  Council  (Mr.  C.  C.  Knight,  J.P.,  F.Z.S.),  and 
of  the  Chairman  of  the  Library  and  Museum  Committee  (Mr. 
W.  W.  LewisX  that  they  were  prevented  by  other  engagements 
from  being  present  He  gave  a  short  account  of  the  origin  and 
growth  of  the  Museum,  which  was  formally  opened  on  October 
35th,  1906. 

The  points  of  chief  interest  to  the  party  were  two  separate 
geological  collections,  one  being  that  loaned  by  Mr.  H.  £. 
Smedley,  F.G.S.,  and  the  other  a  collection  made  by  the  late 
Mr.  Penistone,  of  Stoke  Newington,  a  friend  of  Ruskin,  who,  it 
is  said,  had  interested  himself  in  its  formation.  This  collection  was 
acquired  for  a  nominal  sum  through  the  kind  offices  of  Mr. 
Knight 

The  collections  were  then  examined  by  the  members  of  the- 
party,  and  it  was  noted  that  they  contained  many  specimens  of 
great  interest,  principally  from  the  Chalk,  Oolites,  and  Lias.  Un- 
fortunately, in  many  cases  the  localities  of  the  specimen  were  lost, 
but  as  the  fossils  are  arranged  and  intended  to  be  studied  zoologi- 
cally, and  not  stratigraphically,  this  was  not  of  so  much 
importance  from  the  point  of  view  of  the  student.  A  number 
of  wax  models  made  by  Mr.  Smedley  were  also  much  admired. 
These  represented  most  of  the  large  types  of  extinct  reptiles 
restored  according  to  accepted  ideas,  such  as  Ichthyosaurus, 
Plesiosaurus,  Pterodact}*l,  Diplodocus,  and  many  other  of  the 
large  Dinosaurs.  There  were  also  a  series  of  botanical  models 
made  by  Mr.  Smedley,  and  two  interesting  zoological  collections, 
one  presented  by  Mr.  Knight,  and  the  other  purchased  by  sub- 
scription from  Mr.  Roberts,  formerly  of  Tottenham,  but  now  of 
Wanstead. 

After  the  party  had  examined  the  building  and  its  contents, 
the  President,  in  moving  a  vote  of  thanks  to  the  Director,  to 
Mr.  West,  and  to  the  Council  and  the  Library  and  Museum  Com- 
mitte  of  Tottenham,  referred  to  the  interest  that  the  Association 
felt  in  visiting  these  local  museums,  the  true  home  of  local 
collections,  and  he  expressed  a  hope  that  the  public  spirit  which 
had  animated  the  Council  and  those  other  residents  who  had 
been  interested  in  the  preservation  of  this  interesting  building 
and  the  foundation  of  the  Museum,  would  be  appreciated  by 
those  for  whose  use  it  was  intended. 
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VISIT  TO  THE  BRITISH  MUSEUM  (NATURAL 
HISTORY),  SOUTH  KENSINGTON. 

Department  of  Botany. 

Saturday,  March  i6th,  1907. 

Director:  James  Britten,  Knight  of  St.  Gregory,  F.L.S. 

(JRiport  by  The  Director.) 

The  party  assembled  on  the  top  landing  at  2.45  p.m.,  where 
they  were  received  by  Mr.  Britten,  who,  in  the  unavoid- 
able absence  of  Dr.  A.  B.  Rendle,  had  arranged  to  give  a 
demonstration. 

Mr.  Britten  explained  that  the  demonstration  had  been 
announced  under  the  title  of  "Some  Historical  Collections," 
and  he  would  consequently  confine  himself  to  illustrations  of  the 
work  of  Sir  Hans  Sloane,  of  Sir  Joseph  Banks,  and  of  those  who 
assisted  them.  He  remarked  that  the  National  Herbarium  was 
of  unequalled  value  in  its  historical  aspect,  containing,  as  it  did, 
so  much  of  the  work  of  the  botanists  of  the  seventeenth  century, 
together  with  collections  of  an  even  earlier  date  included  in  the 
great  Herbarium  of  Sir  Hans  Sloane,  which  was  comprised  in 
334  folio  volumes,  of  which  the  first  eight  were  devoted  to 
Sloane'sown  collection  made  in  Jamaica  (1687-89).  Besides  the 
plants  themselves,  these  volumes  contain  the  original  drawings 
from  which  the  engravings  for  the  Natural  History  of  Jamaica 
were  prepared ;  Sloane's  own  copy  of  the  work,  containing  his 
MS.  additions  and  his  references  to  the  Herbarium,  was  also 
shown.  Among  the  other  contents  of  the  Sloane  Herbarium 
exhibited  were  the  collections  of  James  Petiver  (1658-17 18), 
Apothecary  to  the  Charterhouse ;  Leonard  Plukenet  (i 642-1 706), 
containing  8,000  specimens ;  Mark  Catesby,  who  was  in  North 
America  from  1712  to  1726;  James  Cunningham,  who  collected 
in  China,  1698- 1703  ;  Hermann,  Oldenland,  and  other  earlier 
collectors  at  the  Cape  ;  and  Kaempfer's  plants  from  Japan. 

The  collections  of  Sir  Joseph  Banks,  which  were  the 
foundation  of  the  National  Herbarium  as  it  now  exists — the 
Sloane  volumes  having  been  retained  as  a  separate  collection — 
practically  began  with  the  plants  collected  in  Australia,  New 
Zealand,  the  Pacific  Islands,  and  elsewhere  during  Cook's  First 
Voyage  round  the  World  in  1768-71.  In  connection  with  these 
were  shown  the  volumes  of  drawings  made  during  the  voyage  by 
Sydney  Parkinson,  elaborated  on  the  return  of  the  expedition  by 
the  best  botanical  artists  of  the  day  and  engraved  for  publication 
at  Banks's  expenise,  but  never  published ;  a  volume  of  reproduc- 
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dons  of  the  Australian  drawings  was  prepared  for  publication  by 
Mr.  Britten  and  issued  by  the  Trustees  of  the  Museum  a  few 
years  back.  Some  of  the  various  important  collections  acquired 
by  Banks  were  also  exhibited,  including  Hermann's  Herbarium 
of  Ceylon  plants,  on  which  Linnaeus  based  his  "  Flora  Zeylanica  " ; 
the  Gronovian  Herbarium,  containing  Clayton's  Virginian  plants, 
collected  in  the  eighteenth  century,  on  which  many  of  Linnaeus's 
descriptions  are  baised ;  the  herbaria  of  George  Cliflbrd,  of  whose 
garden  plants  Linnaeus  published  an  account  in  his  **  Hortus 
Cliffertianus,"  and  Philip  Miller,  the  types  of  his  "Gardeners 
Dictionary,"  as  well  as  the  plants  of  Alexander  and  Patrick 
Russell,  collected  in  Aleppo  toward  the  end  of  the  eighteenth 
century;  and  the  important  specimens,  with  the  drawings  of 
Father  Kamel,  who  collected  in  the  Philippines  at  the  same 
period.  The  collections  made  by  John  and  George  Forster 
during  Cook's  Second  Voyage  (1772-5)  in  Australia  and  the 
Pacific  Islands,  with  the  drawings  made  by  the  latter,  and  the 
Herbarium  of  Thomas  Walter,  containing  types  of  his  **  Flora 
Caroliniana  "  were  also  shown. 

In  conclusion,  Mr.  Britten  gave  a  sketch  of  the  work  of 
Daniel  Solander  and  Jonas  Dryander,  who  were  successively 
librarians  to  Banks,  and  whose  MSS.  form  an  important  addition 
to  the  Herbarium.  Their  connection  with  the  publications  of 
the  day,  such  as  Aiton's  "  Hortus  Kewensis,"  was  shown,  and 
stress  was  laid  on  the  fact  that  they  were  content  to  work 
without  any  anxiety  for  publication.  This  tradition  was  carried 
on  by  the  great  Robert  Brown,  the  exhibition  and  explanation  of 
whose  admirable  Australian  collections  and  manuscripts  brought 
the  demonstration  to  a  conclusion. 

The  demonstration  was  attended  and  much  appreciated  by 
about  thirty  members,  and  a  very  hearty  vote  of  thanks  was 
accorded  Mr.  Britten  on  the  motion  of  the  President. 


EXCURSION    TO    EAST    WICKHAM. 

Saturday,  March  23RD,  1907. 

Director:    A.   L.  Leach. 

Excursion  Secretary :  A.  C.  Young. 

(^Report  by  THK   DIRECTOR.) 

This  Excursion  had  been  arranged  with  the  object  of  visiting  the 
chalk-mines  below  Gregory's  brickfield  mentioned  in  the  report  of 
the  excursion  to  this  locality  on  April  28th,  1906  {Proc,  Geol, 
Assoc,^  vol.  xix,  pp.  341-345),  but  this  was  not  possible  since, 
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contrary  to  expectation,  the  chalk-mine  has  not  been  opened 
this  winter. 

A  large  part  of  the  chalk  raised  in  1906  still  remains  in  stock 
and  until  it  is  used  up  no  work  will  be  done  in  the  mine.  The 
proprietor  has,  however,  kindly  promised  to  allow  a  party  to  go 
down  as  soon  as  work  in  the  mine  is  resumed  next  winter. 

All  those  who  had,  in  compliance  with  the  request  in  the 
Circular,  notified  to  the  Excursion  Secretary  their  intention  of 
attending  the  Excursion,  duly  received  notice  that  the  Tertiary 
and  Chalk  sections  in  the  East  Wickham  valley  would  be  visited 
instead  of  the  mine.  A  party  of  13  met  at  Plumstead  and  the 
excursion  of  last  April  was  practically  repeated. 

The  sections  were  in  very  good  order  and  the  weather  was  all 
that  could  be  desired  for  our  first  field  excursion  of  1907. 

A  hearty  vote  of  thanks  was  accorded  to  the  Director. 


EXCURSION  TO   PLYMOUTH,  EASTER,   1907. 

Director:   W.  A.  E.  Ussher,  F.G.S. 

Excursion  Secretary  :  G.  E.   Diblev. 

(^Riport  by  The  Director.) 

The   members  assembled  at   Plymouth    on   Thursday,  March 
28th,  and  took  up  their  quarters  at  Farley's  Hotel. 

Friday^  March  29M. — Favoured  by  splendid  weather  the 
party,  numbering  49,  proceeded  to  the  starting  place  for  the 
Turnchapel  steamboats.  Whilst  waiting  for  the  boat  the 
Director  gave  a  short  address  on  the  early  readings  of  the 
Devonian  section.  The  Devonian  limestones  were  the  first 
member  of  the  series  to  receive  special  attention.  The 
Plymouth  hmestone  was  described  by  Hennah  in  the  early 
part  of  the  nineteenth  century  and  later  on  Lonsdale  assigned 
to  the  limestones  a  position  between  the  Carboniferous  and 
Silurian,  as  a  marine  equivalent  to  the  Old  Red  Sandstone. 
Sedgwick  and  Murchison  extended  this  correlation  to  the  pre- 
carboniferous  slates  and  grits  in  which  the  limestones  occurred, 
thus  establishing  the  Devonian  System  and  including  in  it  the 
Palaeozoic  rocks  which  emerged  in  North  and  South  Devon  from 
beneath  the  central  trough  of  Culm  Measures  which  they  had 
shown  to  be  the  main  structure  of  Devon.  Owing  to  the  north 
and  south  post-carboniferous  contraction,  called  the  Armorican 
movement,  proceeding  from  the  south  the  axes  of  the  folds  were 
bent  northward  on  either  side  of  the  Culm  trough.  This  fact 
favoured  the  normal  descending  succession  of  the  rocks  of  the 
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northern  outcrop  from  the  Culm  Measures  northward,  which  is  so 
well  described  in  De  la  Beche's  Report.  But  notwithstanding 
the  recognition  by  Phillips  of  the  Upper  beds  on  the  southern 
margin  of  the  Culm  trough  at  South  Petherwin,  the  oldest 
Devonian  strata  in  the  southern  outcrop  were  placed  between  the 
Plymouth  limestone  and  the  southern  lip  of  the  Culm  trough, 
whilst  from  the  limestone  southward  Sedgwick  and  Murchison 
gave  an  ascending  series  up  to  the  metamorphic  rocks  of  Hope 
Cove.  Although  this  error  was  no  doubt  largely  due  to  the 
prevalent  southerly  dip  of  the  cleavage  planes  and  of  the  bedding 
through  overfolding,  it  is  very  prolwible  that  the  more  detailed 
work  of  De  la  Beche  in  Cornwall  and  of  Godwin  Austen  in  South 
Devon,  by  introducing  fresh  sources  of  confusion,  tended  to 
perpetuate  it.  Pointing  to  the  outcrop  of  the  Lower  Devonian 
rocks  on  Staddon  heights  the  Director  explained  that  this  outcrop 
throughout  South  Devon  maintains  an  east  and  west  strike  (see 
Map  iii.  Fig.  4),*  but  that  on  crossing  to  Cornwall  it  is  shifted 
northward  by  a  series  of  north-west  and  south-east  faults,  so  that 
it  reaches  the  north  coast  of  Cornwall  at  Bedruthan  steps  much 
farther  to  the  north.  This  structure  inferred  by  him  in  1890  (see 
Map  ii.  Fig.  5)  f  was  subsequently  proved  by  detailed  mapping  to 
be  the  Key  to  the  Devonian  stratigraphy  of  Cornwall,  and  furnished 
the  explanation  of  the  blending  of  Upper  and  Lower  Devonian 
rocks,  distinct  in  lithological  types  and  fossil  contents,  in  De  la 
Beche's  minor  subdivisions,  as  he  had  traced  the  rocks  now 
known  to  be  Upper  Devonian  westward  into  the  Lower  Devonian 
districts  without  perceiving  the  intervening  dislocations.  Further- 
more the  variegated  Lower  Devonian  slates  of  Watergate  Bay 
(the  Dartmouth  slates),  the  lowest  known  division  of  the 
Devonian  (which  would  be  seen  at  Andurn  Point),  were  correlated 
by  De  la  Beche  with  the  purple  and  green  Upper  Devonian 
slates,  the  series  which  corresponds  to  the  Cypridinen  Schiefer  of 
the  Continent  and  which  would  be  seen  at  Wivelscombe  quarry 
and  in  the  Ince  Castle  coast  on  Saturday's  excursion. 

Godwin  Austen  in  the  Torquay  area  further  complicated  the 
geology  by  regarding  the  repetition  of  the  limestones  through 
faults  and  folds  as  successive  outcrops. 

Hoirs  maps  in  1868  (see  Map  i,  Fig.  6), J  notwithstanding 
his  recognition  of  inverted  folding,  shows  the  lower  rocks  on  the 
north,  "  the  Lower  South  Devon  group,"  and  the  "  Upper  South 
Devon  group  "  on  the  south,  of  the  limestones,  with  an  infold  of 
the  lower  group.  Clearly  recognising  the  obstacle  to  this  view 
presented  by  the  age  assigned  to  the  Petherwin  Beds,  bolder 
than  his  predecessors  he  endeavoured  to  explain  away  the  fossil 
evidence  on   which  it  was  based. 

The  preliminary  notice  for  the  Long  Excursion  in  1 884  (Proc, 

*  Somtnet  Arch,  and  Nat,  Hist.  Soc  ,  1901. 

\  Trans.  Roy.  Geot.  Soc,  Cornwall.  1891. 

X  Based  on  HoU'i  map  In  Quart,  Joum.  Gtol,  Soc,,  vol.  xxiv,  PI.  XVI. 
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Geo!,  Assocy  vol.  viii,  p.  442)  proves  no  advance  on  earlier 
ideas.  As  regards  the  special  study  of  the  rocks  and  de- 
posits of  the  area  the  papers  written  by  the  late  R.  N.  Worth 
are  invaluable. 

The  arrival  of  the  steamer  having  put  an  abrupt  termination 
to  the  discourse  the  party  observed  on  passing  the  limestone 
cliffs  of  Catdown  the  comparatively  horizontal  bedding  of  the 
central  parts  of  the  limestone  mass,  which  was  best  enabled  to 
resist  the  folding. 

Landing  at  Turnchapel  in  order  to  traverse  the  inverted  down- 
ward succession  from  the  limestone  to  the  Dartmouth  slates,  a 
short  halt  was  made  to  inspect  a  cutting  in  the  lower  (Eifelian) 
slates  of  the  Middle  Devonian  near  Fort  Charles.  The  Staddon 
grits  were  next  encountered  on  their  salient  outcrop  feature. 
Closer  inspection  was  debarred  by  the  War  Department,  which 
had  annexed  the  path,  open  to  the  public  when  the  Director 
was  stationed  in  Plymouth.  Consequently  a  fine  section  of 
Staddon  grits  with  several  conglomeratic  beds  in  the  tabooed 
ground  could  not  be  seen,  and  a  considerable  detour  involving 
some  scrambling  amid  furze  and  brambles  had  to  be  made 
before  reaching  Bovisand  Bay.  At  Bovisand  Bay  the  Middle 
Division  of  the  Lower  Devonian,  the  Meadfoot  group,  succeeds 
the  Staddon  grit.  In  a  short  walk  by  the  cliff  path 
Andurn  Point  was  reached.  The  Director  here  showed  the 
purplish  and  green  Dartmouth  slates,  with  a  mass  of  Diabase. 
These  slates  form  the  low  coast  of  Andurn  Point  and  with  inter- 
bedded  grits  extend  thence  to  Westcombe  beach,  near  Ringmore. 
He  had  found  traces  of  Pteraspis  in  them  near  Langdon  Court 
inland,  and  at  Piskey's  Cove,  near  Revelstoke,  but  not  elsewhere 
in  Devon.  Faults,  well  marked  by  the  beach  reefs,  separate 
the  Dartmouth  slates  from  the  lower  part  of  the  Meadfoot 
group,  which  here  resembles  them  in  colour  and  corresponds 
to  the  Taunusien  of  the  Continent.  Between  the  faults  a  mass 
of  breccia  of  local  fragments  under  Head  or  old  screes  was 
pointed  out,  as  the  outlier  of  New  Red  mentioned  by  Sedgwick 
and  Murchison  in  their  description  of  this  coast. 

From  the  fault  proceeding  northward  to  Crownhill  Bay 
calcareous  slates  associated  with  hard  grits  and  sandy,  decomposed, 
friable  beds  full  of  casts  of  irrecognisably  distorted  fossils  were 
seen  to  be  repeated  by  numerous  folds.  The  Director  pointed 
out  the  occurence  of  numerous  thin  bands  of  limestone  veined 
and  mottled  by  irregular  patches  of  calcspar,  evidently  of  organic 
origin  and  perhaps  Monticuliporoid  corals.  These  limestones, 
he  said,  were  met  with  in  the  fine  section  on  the  Tregantle  coast 
and  at  East  Looe ;  they  are  characteristic  of  the  Looe  beds  on 
the  coast,  and  had  furnished  him  with  a  valuable  horizon  in 
correlating  the  different  sections  on  either  side  of  the  Dartmouth 
slate  anticlinals  in  South  Devon  and  South-east  Cornwall.     These 
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remarks  were  punctuated  by  the  dis- 
covery on  the  spot  of  a  recognisable 
Monticuliporoid  coral  by  Mr.  E.  T. 
Newton. 

On  reaching  Crownhill  Bay  the  cal- 
careous rocks  were  seen  to  terminate, 
plunging  steeply  under  a  series  of  grey 
slates,  the  junction  being  complicated 
by  thrust  faulting  on  a  small  scale. 
From  here  to  Bovisand  Bay  the  rocks 
form  the  upper  part  of  the  Meadfoot 
group  and  correspond  to  the  Lower 
Coblencien.  In  Crownhill  Bay  single 
corals  of  Zaphrentoid  character,  Crinoids, 
and  other  fossils  were  noticed  in  the 
slates.  The  tide  did  not  permit  of 
rounding  the  headland  between  Crown- 
hill and  Bovisand  Bays,  split  up  by  nar- 
row coves  in  which  traces  of  igneous 
rocks  of  Torcross  type  had  been  detected. 

In  Bovisand  Bay  fine  examples  of 
curved  and  contorted  bedding  crossed 
by  cleavage  planes  almost  at  right 
angles  were  noticed.  On  the  north  side 
of  Bovisand  Bay  the  highest  beds  of 
the  Meadfoot  group,  consisting  of  slates 
irregularly  associated  with  thick  beds  of 
hard  grit,  were  seen  ;  they  are  inter- 
sected by  several  small  faults  which  also 
affect  their  junction  with  the  red  Staddon 
grits.  The  section  is  here  overlain  by  a 
fine  example  of  Head  consisting  of  red 
loam  with  local  stones,  sometimes  pre- 
senting a  more  or  less  stratified  appear- 
ance. The  Director  explained  that  this 
Head  or  old  talus  was  shed  from  the 
neighbouring  highland  on  the  old 
beach -platform,  during  the  elevation 
which  succeeded  the  formation  of  the 
raised  beaches,  and  that  its  antiquity  is 
amply  vouched  for  by  the  numerous 
instances,  some  of  which  he  had  figured, 
on  the  Devon  and  Cornish  coasts, 
where  stacks  of  Head  are  found  on 
fragments  of  old  beach-plane  insulated 
by  the  sea,  in  the  recent  depression 
which  circumscribed  and  finally  over- 
whelmed the  forests  on  the  foreshore. 


83 


2r 


n 


H 
3 
n 


S 

o 

c 

H 

X 


/M 


'}M 


r- 


i 


OS 


t? 


-I 


1:^-      3 


\% 


wi 


m 


i% 


i 


tar'V 


.r 


84 


EXCURSION  TO  PLYMOUTH,   EASTER,    1907. 


On  the  return  journey  the  contorted  character  of  the  Staddon 
grit  coast  was  pointed  out,  so  far  as  it  could  be  seen  looking  down 
from  the  summit  of  the  cliflf  not  yet  annexed  by  the  War  Depart- 
ment Time  and  crowds  of  holiday  folk  did  not  permit  of  a  close 
inspection  of  the  lower  beds  of  the  Middle  Devonian  (Eifelien) 
but  some  members  of  the  party  were  shown  the  associations  of 
slate  with  beds  of  limestone  and  decomposed  volcanic  rocks 
which  are  repeated  by  folds  in  the  low  coast  line  approaching 
Mount  Batten,  where  they  are  infolded  with  the  limestone. 

A  much-needed  tea  was  provided  at  the  Coastguard  Station 
and  after  a  rest  of  half-an-hour  the  party  proceeded  to  Turnchapel, 
visiting  the  limestone  quarry  in  Clovelly  Bay  on  the  way.  Here 
the  limestone  is  overlain  by  Schalstein,  but  whether  the  junction 
is  natural  or  inverted  there  is  no  means  of  ascertaining.  The 
Director  pointed  out  the  irregular  replacement  of  the  limestone 
by  volcanic  rocks  as  a  necessary  consequence  of  the  irregular 
extension  of  volcanic  ejectamenta  at  one  time  invading  and 
checking  the  growth  of  a  coral  bank,  at  another  time  reding 
and  allowing  of  its  advance,  and  this  he  considered  to  have  been 
the  case  to  some  extent  along  the  southern  margin  of  the 
Plymouth  reef.  The  return  to  Plymouth  by  steamer,  and  a  walk 
to  the  Hotel  across  the  Hoe,  brought  the  proceedings  of  an 
enjoyable  if  somewhat  laborious  day  to  an  end. 

The  Strata  seen  in  descending  sequence  are  given  in  the 
following  table  with  foreign  correlations. 


Middle  Devonian  • 


Lower  Devonian 


Limestone 

Slates  and  Schalsteins 

Slates 

Staddon  Grits    - 

Meadfoot  Group 

Dartmouth  Slates 


JStringocephalen- 
Kalk.    Schalstein. 
Eifler-Kalk. 
Eifelien. 

Upper  Coblencien. 

{Lower  Coblencien. 
Taunusien. 
Gedinien. 


In  the  diagrammatic  section 
Devonian  divisions  are  shown. 


(Fig.    7)  the  relations  of  the 


Saturday^  March  30M. — On  Saturday  the  party  proceeded  to 
North  Road  Station,  where  at  9.30  the  Assistant  Divisional  Super- 
intendent of  the  G.W.R.,  Mr.  Kateley,  met  them  and  accompanied 
them  in  the  Special  Rail  Motor  Cars  placed  at  their  disposal  by  the 
Company.  Owing  to  the  congestion  of  Easter  traffic  the  Director 
was  informed  that  it  would  be  impossible  to  detrain  at  Defiance 
Halt  to  see  the  Wearde  Quay  Coast  and  rejoin  the  cars  at 
11,30  a.m.,  as  arranged  in  the  programme,  so  he  decided  to 
proceed  direct  to  Wivelscombe  Lake  without  a  stop  and  to 
return  by  the  Motor  from  Defiance  Halt  at  5.8  p.m. 

After  leaving  the  train  a  short  walk  across  country  south- 
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ward  brought  the  party  to  the  low  coast  line  of  the  St.  Germans 
Estuary  near  Ince  Castle.  The  Director  pointed  out  the  position 
of  the  faulted  outcrop  of  the  Lower  Devonian  rocks  on  the  high 
ground  under  Antony  Fort  on  the  south  and  on  Earth  Hill.  This 
fault  is  the  continuation  of  that  which  cuts  out  the  Meadfoot 
group  at  Cawsand  and  here  cuts  off  the  Upper  Devonian  against 
the  Staddon  grits.  The  Upper  Devonian  rocks  of  the  area 
consist  of  purple  and  green  slates  passing  irregularly  downward 
into  grey  slates  in  which  the  Director  had  found  on  this  coast 
traces  of  the  Biidesheim  fauna  of  Germany.  The  rocks  were 
essentially  slates  in  which  bedding  was  only  locally  apparent 
through  induration  or  decomposition  of  harder  calcareous  films  or 
through  streaks  of  different  tint  The  fossils  occurred  in  nodules 
of  brown  friable  material  the  residue  of  limestones,  which  would 
be  seen  in  abundance  farther  on.  This  type  corresponds  to  the 
KnoUen-Kalk  of  Germany.  Traces  of  the  Biidesheim  fauna, 
consisting  of  small  Goniatites^  had  been  found  in  only  one 
other  locality  in  the  Plymouth  district,  viz.,  near  Warren  Point  on 
the  Devon  shore  of  the  Tamar  opposite  Landulph  promontory. 

The  purple  and  green  slates  contain  bivalved  Entomostraca 
or  Cyprids,  and  correspond  to  the  Cypridinen-Schiefer  of 
Germany.  Proceeding  slowly  for  about  500  yards  to  the  place 
where  the  nodules  are  most  frequent,  numerous  traces  of  fossils 
were  found,  including  Bactrites  and  casts  of  shells  which  could 
not  be  identified.  At  the  junction  of  the  grey,  and  purple  and  green 
shtes  Cyprids,  resembling  the  characteristic  Entomis  serratostriata 
and  E.  gyrata  and  small  Teniaculites^  were  found,  but  time  did 
not  permit  of  further  search  for  the  Goniatites,  The  party  then 
proceeded  to  Wivelscombe  Quarry,  where  the  purple  and  green 
slates  are  well  exposed,  and  there  halted  for  luncheon,  many 
having  obtained  new  milk  at  a  farm  in  the  vicinity.  The  quarry 
was  being  worked ;  the  slates  when  ground  to  powder  and  treated 
with  acids  furnish  a  deep  red  paint,  samples  of  which  were  seen. 

From  Wivelscombe  Quarry  to  Forder  the  distance  is  about  a 
mile,  and  examples  of  igneous  rocks  were  seen  by  the  way  in  the 
cuttings  on  the  new  line  from  Defiance  to  St  Germans  in  course 
of  construction. 

At  Forder  a  quarry  by  the  creek  was  inspected.  Here  a  good 
example  of  hornblende  dolerite  or  proterobase  was  seen,  and  also 
indurated  slates  and  contemporaneous  volcanic  rock.  Ascending 
the  hill  above  this  quarry  the  party  walked  across  country, 
negotiating  divers  hedges  by  the  way,  to  the  road  to  Wearde 
Quay  and  Defiance  Halt.  By  this  road  they  were  shown  a  quarry 
in  the  Wearde  grits,  a  series  of  evenly-bedded  grits  or  greywackes 
with  bands  of  shale  or  mudstone.  Descending  to  the  coast  they 
entered  the  lawn  of  H.M.S.  Defiance,  the  Guard  Ship.  Here  the 
Director  showed  them  a  quarry  in  mica  diabase  overlain  by 
Wearde  grits  and  mudstones  in  which  above  the  igneous  rock,  a 
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vesicular  structure,  probably  due  to  volcanic  bombs,  was  apparent 
at  the  ends  of  the  quarry  where  the  overlying  rocks  were  brought 
down  by  small  faults.  The  Wearde  grits,  he  said,  had  yielded  no 
traces  of  fossils  ;  they  resembled  the  Culm  Measure  grits,  and  as 
the  latter  are  unconformable  to  the  Lower  Culm  and  Upper 
Devonian  in  the  St.  Mellion  outlier  it  was  thought  for  a  time  that 
these  grits  furnished  additional  evidence  of  the  discordance,  as  on 
the  neighbouring  coast  north  of  Henn  Point  in  one  spot  beds  of 
chert  were  interstratified  with  the  vesicular  volcanic  rocks.  Worth 
had  considered  these  grits  volcanic,  and  that  view  was  entertained 
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Fig.  8 
N.B. — The  name  FORDER  is  by  an  error  spelled  FORLER  on  this  map. 


by  the  Director  in  1 892,  but  he  abandoned  it,  as  the  microscope 
gave  no  proof  of  their  volcanic  origin,  and  in  his  papers  on  the 
Culm  Measures  he  had  ascribed  these  grits  to  that  series. 
Detailed  work,  however,  showed  that  they  always  accompanied  or 
occurred  in  the  vicinity  of  volcanic  rocks,  and  were  nowhere 
sharply  marked  off  from  the  Upper  Devonian  rocks.  They  are 
found  between  Compton  and  Crabtree  on  the  north-east  of 
Plymouth,  at  Wearde,  and  at  intervals  from  thence  to  St  Erney, 
and  in  a  very  meagre  representation  here  and  there  for  a  few 
miles  farther  west.  The  view  now  adopted  is  that  these  grits 
were  formed  in  local  shoalings  accompanying  the  volcanic  episode. 


EXCURSION  TO  PLYMOUTH,   EASTER,    I907.  87 

and  partly  from  erupted  materials,  and  are  consequently  of  Upper 
Devonian  age  (see  the  map.  Fig.  8). 

After  leaving  Defiance  Quay  the  party  split  up  into  two 
sections,  about  30  proceeding  to  Antony  Passage  where  arrange- 
ments for  tea  had  been  made.  The  remaining  members  accom- 
panied the  Director  along  the  shore  to  Henn  Point,  noting 
associations  of  tuff  and  vesicular  andesitic  basalt  in  the  grey 
Upper  Devonian  slates.  The  tuffs  contain  large  fragments  of 
grey  slate  in  one  of  which  Styliola  was  seen.  The  vesicular  rocks 
are  the  same  as  the  pillow  lavas  exposed  in  the  adjacent  railway 
cutting,  and  detached  pillows  were  seen  in  the  slates  near  Henn 
Point  The  advancing  tide  forbade  access  to  the  coast  north  of 
Henn  Point,  where  the  vesicular  lavas  are  in  one  spot  interbedded 
with  layers  of  chert  in  which  no  traces  of  Radiolaria  were  dis- 
coverable under  the  microscope.  The  triangular  patch  in  which 
this  phenomenon  is  displayed  was  at  first  thought  to  be  let  down 
in  a  wedge  by  faults,  but  this  is  not  the  case.  After  tea  at  a 
cottage  at  Wearde  Quay  the  smaller  joined  the  larger  party  at 
Defiance  Halt,  whence  they  were  taken  by  Special  Rail  Motor, 
shortly  after  5  p.m.,  back  to  Plymouth. 

Monday^  April  1st, — On  Easter  Monday  the  party  assembled 
at  North  Road  Station  and  proceeded  by  the  8.38  train  on  the 
L.  &  S.W.R.,  to  Beer  Alston.  On  arrival  they  walked  by  the  line 
for  a  quarter  of  a  mile  through  a  cutting  in  Middle  Culm  grits 
or  greywackes  and  shales,  containing  obscure  plant  remains. 

Here  the  Director  gave  a  short  address  in  which  he  drew 
attention  to  the  special  feature  of  the  day's  excursion,  viz.,  the 
relations  of  these  plant-bearing  grits  and  shales  to  the  Lower 
Culm  and  Upper  Devonian  rocks  in  the  St.  Mellion  outlier  and 
the  smaller  detached  masses  near  Beer  Alston,  Calstock,  Pentillie, 
and  Tamerton  Folliot. 

Although  the  Lower  Culm  rocks  are  fairly  well  represented 
near  Pillaton  and  Herod  Down  and  form  the  small  outliers  near 
Tamerton  Folliot,  elsewhere  they  occur  as  fragments  not  clearly 
definable  in  relation  to  the  plant-bearing  grits  and  shales,  which 
rest  for  the  most  part  directly  on  the  Upper  Devonian. 

On  leaving  the  cutting  the  party  proceeded  by  road  through 
Braunder  Farm  and  thence  by  the  path  to  North  Hooe  Ferry, 
noting  a  small  exposure  of  vesicular  igneous  rock  in  the  Upper 
Devonian  slates  near  the  former  place.  At  the  Ferry  the  Upper 
Devonian  slates  form  the  coast,  and  search  was  made  for  a  trace 
of  Lamprophyre  found  on  both  sides  of  the  Tamar  when  the 
Director  was  engaged  in  mapping  this  district,  but  the  only  signs 
discoverable  were  in  wallstones,  which  however,  furnished  good 
specimens. 

An  hour  was  spent  in  transporting  the  party  across  the  Tamar 
in  boat  loads  of  seven. 

When  all  had  landed  on  the  Cornish  shore  they  proceeded 
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slowly  towards  Haltonquay.  The  Director  pointed  out  exposures 
of  Lower  Culm  Measures  consisting  of  chert  beds  and  hard 
shales,  and  shales,  slates  and  limestone,  and  shaly  beds  con- 
taining numerous  examples  of  Posidonomya  Becheri,  Through 
plication  the  overlying  grits  and  shales  descend  to  the  shore  in 
places.  In  this  section  Mr.  Howard  Fox  discovered  Radiolaria 
and  a  foraminiferal  limestone  with  Endothyra  Trochamina^ 
Dentalium  and  Nodosinella,  The  Lower  Culm  rocks  are  here 
cut  off  on  the  east  by  a  nearly  north  and  south  fault  running  from 
Haymarsh  southward  along  the  course  of  the  liver  and  displacing 
the  continuation  of  the  Pentillie  outlier  to  the  Devon  shore. 
At  Haltonquay  a  halt  of  half  an  hour  for  luncheon  was  made. 
From  here  to  the  summit  near  St.  Mellion  the  road  follows  a 
broad  valley  occupied  by  Upper  Devonian  rocks,  the  steeper 
slopes  facing  south  being  devoted  in  places  to  strawberry  culture. 
At  nearly  three  quarters  of  a  mile  west  of  Haltonquay  a  small 
quarry  in  dark  shales  and  grit  with  obscure  plant  traces  was 
inspected.  The  quarry  is  in  a  small  outlier  of  Middle  Culm 
let  down  by  fault.  After  reaching  the  high  road  near  St.  Mellion 
the  party  proceeded  to  a  quarry  in  hnrd  daik,  more  or  less  cherty. 
Lower  Culm  Measures  beyond  Pol  border,  used  locally  for  road 
metal.  The  relation  of  this  patch  to  the  surrounding  shales  and 
grits  is  not  clear.  From  Polborder  by  the  road  to  Trehill  Farm 
the  party  traversed  Upper  Devonian  Slates,  in  which  the  Director 
had  found  numerous  Cyprids  on  the  west  of  the  latter  Farm.  After 
leaving  the  road  by  a  path  leading  south  they  crossed  a  narrow 
isthmus  of  Culm  shales  and  grits,  proved  by  stones  in  ploughed 
ground,  which  separates  one  inlier  from  another.  Across  it  the 
party  proceeded  to  a  second  narrow  tract  of  Culm  Measures, 
two  sections  in  which  were  visited.  That  on  the  south  showed 
contorted  dark  chert  beds  and  siliceous  mudstones  which  bound 
the  main  mass  of  Upper  Devonian,  exposed  in  a  neighbouring 
road  where  purple  and  green  slates  were  seen.  On  the  north  the 
Upper  Devonian  Slates  of  the  inlier  are  bounded  by  plant-bearing 
shales  and  grits,  which  were  shown  in  a  small  quarry  in  the  copse 
not  far  below  the  Lower  Culm  section. 

The  party  then  returned  to  Polborder,  where  through  the 
exertions  of  Lieut.  Coke  arrangements  for  a  plentiful  tea  had 
been  provided  in  a  barn,  where,  by  good  happening,  a  chapel 
feast  had  to  be  prepared  for  a  later  hour.  The  Director  having 
arranged  with  the  G.W.R.  for  special  road  motors  to  convey  the 
members  to  Saltash,  these  arrived  after  tea  and  Plymouth  was 
reached  shortly  before  6  p.m. 

The  map  (Fig.  9)  of  the  St.  Mellion  outlier  is  very  strongly 
suggestive  of  a  considerable  unconformity  between  the  Culm 
Grits  and  shales  and  the  Lower  Culm.  This  is  far  more 
probable  than  any  explanation  of  the  phenomena  by  faults  and 
nearly  horizontal  thrusts,   as  in   the   Newton   Abbot  area   the 
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Middle  Culm  rocks  contain  conglomeratic  beds  with  fragments 
of  Lower  Culm  cherts. 

Dr.  WTieelton  Hind's  correlation  of  the  Lx)wer  Culm  with  the 
Pendleside  series  is  also  suggestive  of  an  unconformity  between 
the  Lower  Culm  and  Upper  Devonian,  which  on  independent 
grounds  seems  by  no  means  improbable. 

Tuesday^  April  2nd, — On  Tuesday  the  elements  hitherto  so 
propitious  proved  less  kindly  than  the  forecasts  led  us  to  expect 
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Fig.  9. — The  St.  Mellion  Cilm  Measures. 


Anri\-ing  at  South  Brent  station  at  10  a  start  was  made  soon 
after  up  the  road  leading  northward  from  the  station  to  sections 
of  purple  and  buff  sheared  schalstein  tuffs  exposed  at  and  near 
the  cross  roads  south  of  Harbourneford.  The  nirector  said  that 
these  rocks  were  of  Middle  Devonian  age,  occurring  in  the  upper 
part  of  that  series,  and  that  they  were  associated  with  limestone 
near  Buckfastleigh.  They  formed  a  part,  as  indeed  all  the  slaty 
contemporaneous  volcanic  rocks  in  the  Upper  and  Middle 
Devonian  of  Devon  and  Cornwall  might  be  said  to  do,  of  the 
Ashprington  volcanic  series  of  the  Totnes  District,  discovered  by 
Champernowneand  correlated  by  him  with  the  Nassau  Schalsteins. 
The  party  were  then  conducted  by  a  lane  on  the  west  of  the  high 
road  to  a  quarr)'  at  the  foot  of  the  dip  slopes  of  the  igneous  rocks 
which  form  the  salient  feature  of  Brent  Hill.  This  feature  was 
partly  due  to  the  association  of  sheets  of  lava  with  the  tuffs  as  the 
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volcanic  rocks  passed  south-westward  on  a  deflected  strike  within 
the  zone  of  contact  alteration  round  the  Dartmoor  Granite. 
Rain  coming  on  the  party  sheltered  in  the  quarry  as  best  they 
could,  and  obtained  specimens  of  the  Diabase  homfels.  After 
some  delay  they  returned  to  the  lane,  where  outcrops  of  axinite 
epidote  rock,  a  common  feature  on  the  borders  of  the  altered 
volcanic  rocks,  were  pointed  out  by  the  Director  and  many  good 
specimens  obtained. 

The  threatening  aspect  of  the  weather  then  caused  some  of 
the  members  to  leave  for  Brent  to  catch  an  earlier  train  than 
that  given  in  the  programme.  The  rest  ascended  the  dip  slope 
to  the  Diabase  homfels  crags  forming  the  summit  of  Brent  Hill. 
Here  on  the  lee  of  the  crags  luncheon  was  partaken  of,  and  the 
Director  pointed  out  the  position  of  the  granite  boundary  at 
about  three-quarters  of  a  mile  to  the  west.  The  altered 
sedimentary  rocks,  he  said,  from  near  Ivybridge  by  Brent  to 
(lidley  Bridge,  were  shown  on  the  published  geological  map 
(sheet  349)  as  Culm  Measures.  They  consist  of  hornstones  or 
calc-flintas,  and  dark  and  pale  rocks  with  chiastolite.  The 
chiastolite  type  of  alteration  had  not  been  recognized  in  the 
known  Devonian  contact  areas  and  the  banded  hornstones  were 
thought  to  represent  siliceous  Lower  Culm  rocks.  Subsequent 
experience  of  other  granite  contact-zones  had,  however,  proved 
that  the  calc-flintas  through  selective  metamorphism  might  occur 
at  any  horizon  in  the  Devonian,  where  fine  grained  calcareo- 
siliceous  rocks  occurred  within  the  aureole ;  but,  as  regards  the 
chiastolite  types,  it  was  still  possible  that  they  might  represent 
altered  infolds  of  fine-grained  dense  Culm  Measures. 

The  rain  still  continuing  those  of  the  party  who  had  to  catch 
the  3.16  train  left  after  seeing  the  fine  dark  tuffs  on  the  lower  slope 
of  Brent  Hill,  the  rest  proceeded  to  the  vicinity  of  Didwcrthy 
where  the  light  and  dark  rocks  with  chiastolite  are  exposed  in  a 
quarry.  Those  staying  on  then  proceeded  to  Aish,  inspecting  on 
the  way  an  igneous  rock  containing  brown  mica.  It  is  probably 
an  altered  diabase  and  not  loo  yards  from  the  granite  junction. 

At  Aish  calc-flinias  or  hornstones,  diabase  homfels  and 
radiating-actinolite  rocks  were  visible,  and  in  the  hard  altered 
rock  under  Lydia  Bridge  good  specimens  of  axinite  were 
obtained.  At  Brent  a  quick  tea  was  served,  and  after  partially 
drying  their  habiliments  the  diminished  contingent  who  con- 
templated making  one  or  more  of  the  extra  excursions,  returned 
by  rail  to  Plymouth. 

Wednesday,  April  T^rd, — On  Wednesday  morning,  in  spite  of 
threatening  weather,  the  President  and  six  members  of  the  party 
who  had  remained  with  the  Director,  assembled  at  Millbay 
Station  and  took  the  9.15  train  to  Menheniot.  Here  they 
inspected  the  Clicker  Tor  picrite,  which  is  associated  with 
ophitic  dolerite,  and  finely  exposed  in  the  railway  cutting  at  the 
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Station.  From  thence  they  proceeded  to  Doddycross,  noting,  by 
the  way,  exposures  of  grey,  purple  and  green  Upper  Devonian 
slates  with  contemporaneous  sheared  tuffs.  Between  Doddycross 
and  Padderbury  numerous  small  Tentaculites  and  impressions  of 
the  characteristic  Cyprids  such  as  Entomis  serratostriata  and 
E.  gyrata  were  foimd  in  the  purple  and  green  Upper  Devonian 
slates.  Near  this  evidence  of  a  proterobase  sill  was  noted,  and 
on  the  hill  top  near  Padderbury  Top,  where  the  road  is  cut 
through  a  mass  of  contemporaneous  volcanic  rocks,  an  interesting 
section  was  examined.  Proceeding  southward,  and  crossing  the 
railway,  the  party  struck  across  country  direct  to  Catchfrench 
quarry,  in  dark  grey  Upper  Devonian  slates,  in  which  Styliola  was 
found.  From  here  they  followed  the  high  road,  noting  by  the 
way  a  mass  of  diabase,  to  the  Seaton  Valley,  down  which  they 
proceeded  for  half  a  mile,  crossing  one  of  the  great  structural 
£aults  which  shifts  the  Lower  Devonian  outcrop  northward  to  the 
vicinity  of  Clicker  Tor.  The  grey  slates  of  the  Upper  Devonian 
are  here  cut  off  against  rocks  of  the  Meadfoot  group,  an  exposure 
of  calcareous  slates  and  gritty  beds  with  decomposed  fossiliferous 
films  attested  the  presence  of  the  latter  group,  which  further 
south  gave  place  to  the  purplish  and  green  variegated  Dartmouth 
Slates,  the  lowest  member  of  the  Lower  Devonian  in  the  district. 
The  presence  of  these  slates  and  of  occasional  signs  of  igneous 
rock  in  them  was  apparent  on  leaving  the  Seaton  Valley  and 
following  the  road  leading  to  Bindown. 

On  Bindown  hard  buff  and  grey  quartz-veined  grits  make  the 
higher  summit  levels,  and  near  the  road  to  Looe  a  quarry  worked 
for  roadstone  was  visited.  Here  a  highly  silicified  rhyolite  was 
seen  in  intimate  junction  with  the  hard  clastic  rocks,  and 
specimens  were  obtained. 

A  rapid  walk  of  three  miles  frpm  here  northwards  brought  the 
party  to  Menheniot  Station,  crossing  Dartmouth  Slates,  rocks  of 
the  Meadfoot  Group,  and  Staddon  Grits  on  the  way. 

During  their  stay  some  of  the  members  visited  Dartmoor, 
taking  train  to  Bickleigh,  and  walking  from  thence  across  the 
moor  to  Dousland. 

After  dinner  on  Monday  evening  the  President  proposed  a 
very  hearty  vote  of  thanks  to  the  Director  for  his  trouble  in 
planning  out  such  an  interesting  excursion  and  spoke  of  the 
success  with  which  it  had  been  carried  out.  A  vote  of  thanks 
was  also  accorded  to  Mr.  Dibley  for  the  admirable  way  in  which 
he  had  performed  the  duties  of  secretary  in  connection  with 
the  excursion. 
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ORDINARY    MEETING. 
Friday,  April  5TH,  1907. 
R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

A.  H.  Pawson  was  elected  a  member  of  the  Association. 

The  President  read  a  letter  which  he  had  received  from  the 
President  of  the  Geological  Society,  announcing  that  the  Society 
propKJsed  to  celebrate  its  Centenary  in  September,  and  inviting 
the  Association  to  send  a  delegate  on  the  occasion. 

The  President  stated  that  the  Council  had  requested  him  to 
attend  the  celebration  as  the  delegate  of  the  Association,  and  the 
action  of  the  Council  was  unanimously  confirmed  by  the  members 
present. 

The  following  paper  was  then  read  :  "  On  the  Existence  of 
the  Alpine  Vole,  Microtus  nivalis^  in  Britain  during  Pleistocene 
Times  "  by  Martin  A.  C.  Hinton. 

Dr.  C.  W.  Andrews  and  Mr.  A.  S.  Kennard  spoke  in 
appreciation  of  the  value  of  the  paper,  and  the  President  thanked 
the  Author  on  behalf  of  the  Association. 
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EXCURSION   TO    BUSHEY   AND    CROXLEY    GREEN, 
WATFORD. 

Saturday,  April  6th,  1907. 

Directors:  John   Hopkinson,  F.L.S.,  F.G.S.,  and 
H.  KiDNER,   F.G.S. 

Excursion  Secretary  :  A.  C.  Young. 

Reports  by  THE  DIRECTORS. 
{^By  Mr.  Kidner.) 

The  party  left  Euston  Station  by  the  1.20  train,  and  on 
arriving  at  Bushey  was  joined  by  members  of  the  Hertfordshire 
Natural  History  Society.  Permission  of  the  L.  and  N.  W.  R. 
authorities  having  been  obtained  the  party,  now  numbering 
thirty,  was  conducted  along  the  top  of  the  cutting  on  the  west 
side,  where  a  "  trial  hole,"  dug  in  connection  with  the  proposed 
new  railway  from  Watford  to  London,  exposed  a  small  section  of 
the  fine  pale  sand  of  the  Reading  Beds.  The  railway  lines  near 
the  station  are  about  level  with  the  top  of  the  chalk,  and  the 
cutting  passes  through  the  whole  35  feet  of  the  Reading  Beds 
up  to  the  lowest  part  of  the  London  Clay.  Proceeding  over  the 
bridge  which  spans  the  cutting  a  visit  was  made  to  Grover's 
Brickfield  in  Lower  Paddock  Road.  Here  was  shown  a  bed  of 
pebbles,  2^  to  3  ft.  thick,  of  the  Reading  series,  partly  Hertford- 
shire conglomerate  and  partly  loose  pebbles  and  sand.  Below 
was  pale  sand  seen  for  3  or  4  ft.,  having  a  layer  of  pebbles.  The 
beds  above  the  conglomerate  were  obscured  and  could  not  be 
examined.  To  the  right  of  the  pebbles  and  sand  and  level  with 
them  were  seen  Reading  Clays  having  the  Basement  Bed  of  the 
London  Clay  above,  with  its  band  of  pebbles  at  the  top. 

Mr.  Kidner  remarked  that  the  appearances  certainly  seemed 
to  indicate  a  fault,  and  if  the  beds  were  known  to  be  at  all 
regular  when  traced  in  their  vertical  succession  and  lateral 
extension,  one  would  not  hesitate  to  conclude  that  they  were 
faulted  ;  but  the  Reading  sands  and  clays  in  the  neighbourhood 
being  so  variable  he  felt  some  doubt,  and  was  led  to  suggest  a 
possible  alternative  explanation.  Mr.  Geo.  Barrow,  who  was 
present,  said  he  should  have  no  hesitation  in  concluding  that 
there  was  a  line  of  fault  running  approximately  north  and  south, 
and  an  examination  of  the  section  led  to  general  agreement  as  to 
the  correctness  of  this  opinion.  A  downthrow  of  about  7  or 
8  ft.  on  the  east  side  had  brought  the  calcareous  clay  and  the 
clays  below  it  against  the  pebbles  and  sand.  This  conclusion 
was  confirmed  by  pieces  of  the  conglomerate  broken  off  near  the 
fault,  which  were  found  to  have  been  altered  to  ^^  fault-breccia^^' 
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the  pebbles  having  been  crushed  and  reduced  to  angular 
fragments  in  the  faulting,  while  the  siliceous  cement  showed  a 
whitish,  crystalline  surface  due  to  crushing  instead  of  the  usual 
smooth  fracture.  Obviously  the  fault  was  to  be  understood  as 
occurring  in  the  chalk  below  and  involving  the  superincumbent 
Tertiary  Beds.  Mr.  Hopkinson  and  others  said  this  was  the 
best  section  of  Hertfordshire  conglomerate  known  to  them  in  sM, 
the  section  near  Radlett  not  being  so  good.  The  Association 
had  not  previously  visited  this  brickfield,  which  will  be  no  longer 
worked. 

The  Chalk  Pit  near  the  Colne  Valley  Water  Works  was  next 
visited  ;  about  forty  feet  of  chalk  is  seen.  The  Geological  Survey 
Memoir,  "The  Cretaceous  Rocks  of  Britain,"  Vol.  iii,  gives  a 
list  of  fossils  from  this  pit,  and  refers  to  it  as  being  probably  in 
the  zone  of  Micrasier  cor-anguinum.  This  view  may  now  be  re- 
garded as  confirmed  and  decided  by  the  finding  of  several  fossils 
characteristic  of  this  Zone.  These  fossils  are :  Micrasier  cor- 
anguinum^  Inoceramus  involutus^  Echinocorys  scutaius^  Epiasier 
gibdus^  Cidaris  perornata^  Bourgueticrinus  eiiipticus,  and  Theddea 
wtthtrelli.  Most  of  these  were  found  by  Mr.  G.  F.  Brown,  a 
member  of  the  Association.  Mr.  Brown's  fossils,  including  the 
Zonal  index  fossil  have  been  identified  by  Dr.  Rowe,  and  were 
shown  to  those  present  on  the  excursion.  The  Inoceramus  iftvolutus 
(not  previously  recorded  from  this  pit)  is  part  of  the  flat  valve 
and  was  also  shown  to  the  party.  About  this  fossil  there  was  at 
first  some  uncertainty ;  but  Mr.  G.  E.  Dibley  is  sure  about  the 
correctness  of  his  identification,  and  comparison  with  a  perfect 
specimen  in  his  possession  leaves  no  room  for  doubt.  The 
fossils  are  from  the  lower  part  of  the  pit.  The  distinctly  yellow 
colour  of  the  chalk  in  the  upper  part  was  noticed. 

It  may  be  mentioned  that  Messrs.  C.  P.  Chatwin  and  T.  H. 
Withers  subsequently  visited  this  pit,  and  were  able  to  find,  in 
addition  to  those  mentioned  above,  the  following  fossils  : 

Spondylus  latus^  Sowerby.  Porosphaera  globularisy  Phillips. 

Ostrea  vesicu/aris^  I^niarck.  Proboscina  ramosa^  M.  Edwards. 

Plicatula  sigiliina^  Woodward.  Membranipora  sp, 

Serpula  plana,  S.  Woodward.  HippotJioa  sp. 

Serpula  sp,  IVebbina 

The  party  next  walked  to  the  High  Street  Station  and  pro- 
ceeded by  the  3.48  train  to  Rickmansworth.  A  walk  was  taken 
along  the  Canal  towing  path,  and  by  a  short  foot-path  to  the 
extensive  gravel  pits  in  Long  Valley  Wood  north  of  Croxley  Hall. 

(^By  Mr.  Hopkinson.) 

A  heavy  shower  of  rain  greeted  the  party  at  Long  Valley 
Wood,  and  the  little  shelter  to  be  had  was  taken  advantage  of. 
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Some  time  was  thus  lost,  but  at  the  first  indication  of  a  cessation 
the  extensive  sections  of  the  fluviatile  gravel  here  exposed  were 
examined.  The  gravel  is  or  has  been  worked  for  a  distance  of 
about  half-a-mile  in  a  north-easterly  direction.  Layers  of  sand 
and  clay  are  interstratified  with  it,  and  the  total  thickness  of  the 
alluvial  deposits  is  from  20  to  30  ft.  They  rest  on  the  Chalk  in 
a  very  uneven  manner,  so  that  it  is  difficult  to  determine  the 
height  of  their  base,  but  it  appears  to  average  about  30  or  40  ft. 
above  the  level  of  the  existing  River  Gade,  on  the  right  bank  of 
which  they  are  situated  at  a  distance  of  about  an  eighth  of  a 
mile.  The  Gade  is  a  tributary  of  the  Colne,  which  here  flows 
from  east  to  west,  and  is  distant  half-a-mile  at  the  eastern  and  a 
quarter  of  a  mile  at  the  western  edge  of  the  gravel  in  Long 
Valley  Wood,  and  this  gravel  should  perhaps  be  considered  as 
part  of  the  alluvial  deposit  of  the  Colne  in  Pleistocene  times 
rather  than  that  of  the  Gade. 

The  layers  of  sand  and  clay  and  some  peculiar  black  bands 
give  to  the  gravel  in  many  places  a  stratified  appearance,  but 
nowhere  horizontal  for  any  considerable  distance — this  conforma- 
tion being  due  in  places  to  cross-bedding,  but  mostly  to  the 
irregular  dissolution  of  the  underlying  Chalk. 

The  gravel  consists  for  the  most  part  of  water-worn  flints, 
some  completely  rounded,  others  sub-angular,  and  also  contains 
quartz  and  quartzose  pebbles.  Its  most  interesting  feature  is, 
however,  the  large  number  of  Palaeolithic  implements  which  have 
been  found  in  it,  occurring  throughout  it,  but  most  numerously 
near  its  base.  A  molar  of  an  elephant,  most  probably  EUphas 
antiguus,  has  been  found  at  a  depth  of  26  ft.  from  the  surface,  and 
also  a  tusk,  believed  to  be  of  the  same  species,  but  this  crumbled 
away  when  touched.* 

At  a  field  meeting  of  the  Hertfordshire  Natural  History 
Society  in  the  summer  of  1906  a  mass  of  sand  and  clay,  with 
Sarsen-stones,  was  seen  in  the  gravel,  and  then  determined  by 
the  writer  to  belong  to  the  Reading  Beds.  This  mass  has,  so 
far  as  possible,  been  preserved  intact  for  the  present  visit  of  the 
Association,  but  the  large  Sarsens  which  were  at  the  top  have 
fallen  down  and  one  of  them  has  been  sent  to  the  Hertfordshire 
County  Museum,  St.  Albans ;  and  the  clay  above  the  sand  has 
shifted  from  the  horizontal  position  in  which  it  was  first  seen. 

The  preservation  in  gravel  formed  by  a  river  of  soft  mottled 
clay  and  loose  white  and  yellow  sand  apparently  in  the  position 
in  which  they  were  originally  deposited  is  difficult  to  account  for. 
The  mass  when  first  seen  was  about  six  feet  in  height  and  ten  in 
width,  and  the  gravel  was  distinctly  arched  above  it,  a  darkish 
band  in  it  showing  the  stratification  very  plainly.  The  gravel  has 
now  been  worked  back  for  some  distance  behind  this  mass  and 
still  shows  a  strongly-marked  arch  or  anticline.     The  sand  was 

*  Sir  John  Evans,  in  Trans.  Herts,  Nat.  Hist,  Soc,  vol.  xiii,  p.  66. 
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stated  bf  the  foreman  of  the  graTd-pits  to  go  down  at  least  six 
feet  below  the  present  level  of  the  surface,  which  is  here  close 
upon  the  Chalk.  This  seems  to  indicate  a  '^  pipe  *'  in  the  Chalk, 
and  it  b  possible  that  the  whole  of  the  gravel  here  is,  as  it  were, 
^  piped,"  that  is  to  say,  let  down  by  the  dissolution  of  the  chalk, 
the  day  and  sand  of  Reading  age  having  been  preserved  in  their 
present  position  by  the  Sarsen-^tones  on  their  sm-face  and  in  the 
sand.  Another  suggestion  put  forward  whilst  this  structure  was 
being  examined  was  that  the  gravel  has  here  been  washed  down 
from  the  rising  ground  above,  and,  meeting  this  obstacle,  has 
disposed  itself  around  it  in  a  curved  form. 

Whatever  may  be  the  explanation  of  the  preservation  of  this 
mass,  much  interest  was  evinced  in  it,  and  much  speculation  in- 
dulged in.  The  Sarsens  also  were  carefully  examined  and  were 
found  to  be  soft  in  places.  One  is  very  large  and  sharply  split 
across ;  another  is  deeply  mammillated  all  over,  except  possibly  on 
the  side  on  which  it  Hes,  which  was  not  seen. 

A  walk  by  the  canal  towing-path  to  Cassio  Bridge  and  thence 
by  die  Rickmansworth  Rood  brought  the  party  to  Watford  A 
substantial  tea  was  served  at  Buck's  Restaurant  in  the  High 
Street,  where  Mr.  E.  T.  Newton,  F.R-S.,  presided  in  the  absence 
of  the  President  After  the  usual  vote  of  thanks  to  the  Directors, 
those  returning  to  London  left  by  the  7.50  train  from  Watford 
Junction. 

REFERENCES. 

Geologica?  Sanrey  Map,  London  District  (Drift),  Sheet  I.     is.  6d. 

Watford  District  Fieldpath  Map.     Stinford,  London,     is. 

1889.     Wh  IT  A  KER,  W.—"  Geology  of   London/*  Mtm.  G*tjl.  Survey,  vol.  i, 

pp.  77.  79*  So. 
1904.     Jckes-Brown,  .a.  J.  and  HiLL,  W. — '*  The  Cretaceous    Rocks   of 

Britain/*  Xfem.  Geol.  Survfy,  vol.  iii,  pp.  232-234. 
1907-     Evans,    Sir    John. — '*  On    a    recent    Palaeolithic    Discovery    near 

Rickmansworth."   Trans.  Herts.  Sat.  Hut.  S^.^  vol.    xiii,  part  I, 

p.  65.  with  2  plute  . 


EXCURSION    TO    TOXBRIDGE. 

Saturday,  April  13TH,  1907. 

Directors-.   Mr.  J.  Lewis  Abbott,  F.G.S.,  and 
E.  W.  Haxdcock,  B.Sc.,  F.G.S. 

Excursion  Secretary :  W.  P.  D.  Stebbing. 
{^Report  by  Mr.  Lewis  Abbott.) 

The  party  from  London  arrived  at  Tonbridge  at  2.30,  where 
they  were  joined  by  another  contingent  which  had  come  by 
other  trains^  motors,  &c,  from  various  parts  of  the  country,  in  all 
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about  fifty  in  number.  A  walk  was  at  once  made  to  the  top  of 
Quarry  Hill,  south  of  the  town  above  the  quarry,  from  whence 
was  displayed  the  configuration  of  the  Weald  extending  to  the 
Crowborough  Ridge  on  the  south  and  to  the  Lower  Greensand 
escarpment  on  the  north. 

Mr.  Lewis  Abbott  pointed  out  that  the  Association  were 
about  to  give  special  attention  that  year  to  the  two  Wealdens,  viz., 
beds  of  that  age,  and  those  which,  with  the  present  configuration 
and  features,  had  resulted  from  the  destruction  and  redeposition 
of  those  beds,  and  of  others  which  had  since  been  deposited  in 
the  area.  He  then  gave  what  he  considered  to  be  the  sequence 
of  events  in  N.W.  Europe  from  the  elevation  of  the  Portlandian 
sea  bottom  to  Palseolithic  times. 

A  large  diagram  had  been  prepared  by  the  Directors  giving  a 
section  from  the  heights  of  the  central  ridge,  through  the  Quarry 
to  the  Folkestone  Beds,  upon  the  Lower  Greensand  escarpment. 
Mr.  Handcock  then  went  into  further  details  of  the  section,  and 
dwelt  upon  the  numerous  faults,  more  especially  the  large  one 
shown  in  the  quarry,  pointing  out  that  it  was  a  strike  fault  with 
its  hade  sloping  southward  at  a  somewhat  low  angle.  The 
upthrow  of  the  Ashdown  Sand  was  probably  150  feet,  since 
over  100  feet  of  Wadhurst  Clay  was  pierced  in  the  well  which 
started  from  the  bottom  of  the  quarry  a  few  yards  to  the  north. 
There  was  nothing  in  the  shape  of  fault  or  crush-breccia. 

The  party  then  divided  into  two,  one  part  going  into  the 
quarry  under  the  guidance  of  Mr.  Lewis  Abbott,  and  the  other 
part  remaining  above  to  hear  further  explanations  by  Mr. 
Handcock.  The  following  is  an  approximate  description  of  the 
Wadhurst  Clay  as  seen  here  in  section  : 


Yellowish  Clay         .        .         .        Cypridiferous 

Green  Shaly  Clay    . 

Limonitic  Shaly  Clay 

Green  Shaly  Clay    . 

Shaly  Clay       . 

Green  Shale    ... 

Green  and  Yellow  Shales  with  layers  of  ironstone 
2  to  4  inches  thick,  4  layers  of  shells  i  to  2 
inches 12 

Hematitic  layer  with  Cyrena        .         .         .         .         o 

Brown  and  Yellowish-brown  Shales    ...         5 

Clay  ironstone  nodule  bed o 

Black  Carbonaceous  Clay,  breaking  with  a  short 
hackley  fracture  with  many  Entomostraca 
Equisetum  Lyelliy  bands  of  Paludina  (chiefly 
P.  su55fxitnsis\  and  Cvrena  limestone,  and 
layer  of  Cone-in-Cone,  }  in.  thick, .        .  Seen       20 

*'  Similar  beds  "  pierced  in  well   .         .        .         .     icx) 
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Large  quantities  of  Entomostraca  «rere  taken  away  by  members 
of  the  part)-,  the  lamination  of  the  paper-shales  in  the  upper  part 
being  due  to  these  tiny  crustaceans.  The  lower  black  beds  also 
yielded  immense  quantities  of  Entomostraca,  the  white  shells 
showing  up  very  brilliantly  upon  the  black  wet  clay. 

A  drive  was  then  made  through  Ton  bridge  to  Dene  Park  to 
the  north.     Here  the  members  of  the  party  were  entertained  to 
tea  by  Sir  John  Hollams,  who  had  incited  a  party  of  distinguished 
guests  to  meet  the  Association.     A  stoke-hole,  10  ft  deep,  had 
recently  been  dug,  the  material  from  which  was  examined.     This 
was  seen  to  be  composed  of  the  wreck  of  the  Lower  Greensand, 
pieces  of  hard  rag,  angular  and  subangular,  and  sometimes  hard- 
worn  chert  and  Oldbury  stone,  with  here  and  there  an  Eocene 
pebble.     Mr.  Lewis  Abbott  also  showed  a  palaeolithic  worked  flake 
from  the  same  graveL     He  pointed  out  that  the  deposit  was  quite 
different  from  any  ordinary  gravel,  its  composition  and  mode  of 
arrangement  being  most  remarkable.     He  exhibited  the  six-inch 
contour  maps  of  the  surrounding  country  showing  the  various 
patches  of  gravel  (most  of  which  were  implementiferous)  which  lay 
upon  the  Greensand  escarpment,  and  it   was  seen  that  these 
extended  from  the  River  Shode  at  Hadlow  in  a  direction  towards 
the   Darenth   Gorge.      It  was  pointed  out  that  the  elevation  of 
this  Starve  Crow  gravel  precluded  its  belonging  to  the  early  stage 
of  the  Darenth.     Notice  was  then  directed  to  the  Valley  of  the 
Shode  as  it  exists  to-day,  the  banks  of  which  rise  to  700  ft.  O.D. 
on  Shingle  Hill  on  the  west  and  to  550  ft.  at  Hurst  Wood  on  the 
east.     It  was  further  pointed  out  that  as  the  Hythe  limestones 
were  only  about   100  ft  thick  and  that  their  base  at   Plaxtol 
Spout  was  550  ft.  lower,  it  followed  that  the  ^-alley  was  now  a 
syncline ;  a  fact  which,  despite  sections  to  show  it,  escaped  the 
notice  of  the  Survey.     A  few  yards  north  of  the  first  another 
section  was  opened  which  showed  altogether  different  material, 
and   could   not   be   classed  as  a  gravel,  being  composed  of  a 
confused  mass  of  clay  and  sand  carrying  hard-worn  boulders  of 
Lower   Greensand   debris.     Mr.  Lewis   Abbott   contrasted   this 
with  river  deposits  and  said  he  could  suggest  nothing  but  that  it 
had  been  torn  off  the  face  of  the  Lower  Greensand  escarpment 
and  forced  up  into  this  huge  hummock  at  an  elevation  of  nearly 
300   ft.    O.D.,   with   a   thickness   of  over   thirty   feet,  covering 
several  square  miles,  under  glacial  conditions,  which  conditions 
he   contended    were   supported   by   extensive  evidence   on   the 
escarpment  and  in  the  Holmesdale  Valley.     It  was  during  this 
time   when   a  glacial   tongue   was   piled   up   upon    the   Lower 
Greensand  escarpment  in  a  manner  absolutely  identical  with  a 
case  that  he  had  in  his  mind  in  Alaska  to-day  that  the  extra- 
ordinary downthrow  occurred,  which  reversed  the  direction  of 
the   Shode,  and  carried  its  waters  into  the    Ightham   Fissure, 
under  those   severe  climatic    conditions   shown    by  the  arctic 
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facies  of  its  fauna.  Mr.  Handcock  has  since  made  careful 
analyses  of  the  material  from  the  second  pit,  which  show  the 
materials  to  have  been  derived  from  the  Lower  Greensand,  and 
not  from  the  upper  sandy  member  of  the  Weald  Clay,  as  was 
once  claimed.  Further  details  on  this  question  will  be  published 
later. 

Before  leaving,  the  President,  in  the  name  of  the  Association, 
moved  a  vote  of  thanks  to  Sir  John  Hollams,  both  for  his 
hospitality  and  for  so  kindly  allowing  the  party  to  inspect  these 
interesting  sections.  He  asked  the  members  to  extend  the  vote 
to  Mrs.  Hollams,  who  had  been  so  kind  in  entertaining  them. 
The  vote,  needless  to  say,  was  carried  by  acclamation. 

Starve  Crow  brick  pit  was  next  visited,  by  the  kind  per- 
mission of  Mr.  T.  Collins,  the  steward  of  Lord  Derby,  who  had 
had  some  further  excavations  made  for  the  occasion.  Mr. 
Handcock  here  pointed  out  that  although  no  real  zonal  work 
had  as  yet  been  done  in  the  Weald  Clay  he  thought  the  lower 
band  of  Paludina  e/ongaia  was  about  200  ft.  from  the  base,  and 
on  about  the  same  horizon  as  it  occurs  at  Biddenden.  Here, 
however,  there  were  two  beds  of  Cyrena  limestone  at  intervals  of 
about  ten  feet,  the  lower  one  yielding  Planocera  strombiformis^ 
Schlott,  while  a  little  higher  up  two  bands  of  Paludina  elongata 
limestone  occur,  these  also  being  separated  by  about  ten  feet  of 
shaly,  somewhat  sandy  clay,  of  a  dull  yellowish-brown  hue. 
About  ^\Q  feet  above  this  last  there  occurs  a  band  of  cone-in- 
cone  structure  about  three-quarters  of  an  inch  thick.  The 
party  then  walked  back  to  Tonbridge,  where  after  tea  in  the 
Council  Chamber  in  the  Castle,  kindly  lent  for  the  occasion 
by  the  Tonbridge  Council,  a  visit  was  paid  to  the  Museum.  A 
hearty  vote  of  thanks  was  accorded  the  two  Directors,  and  a 
return  was  made  to  London  by  the.  7.25  train. 


REFERENCES. 

Geological  Survey  Map,  Sheet  6,  price  8s.  6d. 

New  Ordnance  Survey,  Sheets  287  &  303,  is.  each. 

1875.       "Geology    of   the    Weald,"   Mem.    Geol,   Survey^    Gravels,    p.    96, 

//  sea, ;  Clays,  pp.  1 84  and  289. 
1879.     "  Record  of  Excursions  of  the  Geol.  Assoc,"  pp.  37-40  and  43. 
1888.     "  Prestwich's  Geology,"  vol.  ii,  p.  259  (for  the  fault). 
1894.     Abbott,  W.  J,  L. — ^'Ossiferous  Fissures  in  the  Valley  of  the  Shode," 

Quart.  Journ.  GeoL  Soc.,  vol.  I,  p.  171. 


Simajf-T..   L^Hiu  zzzT'i^   zivsr-. 

The  ipgmbsr^  nioic  ,  l-  JLjTnmTg:  .isB^Hmrrt  x  T  »  'V;TT3in3c 

pkliLjesjD*  rJiagt, IP  X jOK  «Trffic*i  Jam  m  lie  ^'rt^jtoM. 
Here  ibfT  rrmttf.  mn  :ni»  isrmw  sne  tzmxDi  in  ti  ^"'its-tcr 
End  CcanDiEL  auf  lamiK  iisiinea:  n  tikt  Z  fmnr-rcrr  i  -emiass  in 
ibe  pmc^al  pcrajraL  iscaiRs  n"  iift  n«i^nininrruic«L  Her  -timed, 
tbesr  artifrrins  n  tie  dak  -KanfiKsL  n:  mer^^iifi,  n  He  iznks  n 
tbe  a-TiT  LtefciiK:  znt  simiL  a^m  jniL  iwftrqrnwri  nniiitiGn 
of  dit  sesci^asfb.  x  -mna  iinmf.  iwsahje  m  tiu'^  i  ainr  mmnieie 
soooesa^:  oc  zsedsL  inin.  ne  irnu  .crivrsii-TTint  maik  ii  lie 
h^ghfT  poet  cf  "ifct  TiT^irw'TnitraHzm^  in  a:  He  *iite:  ttuib  md 
fibitr  ^hsTk  b£ii:nunnr  ii  He  jitwir  zzn  u  He  :c:ne  :i  j^lt^isibt 
ar'-BM^nrx:  iiit  inn.  tiic  jers^Tcrnc  Hiin-:jiniL  or  He  Tise  if 
the  HiCsiS^r  p±irtu:i^:rM&,  inii  He  '  I'laik  jL^i:*.  x  :1±^  :et^  mere 
tH-'^  h?*id.  beoc  -iaalj  r^singnsanie.  T'le  ini;*  iiiRi-r.Triir  :l:«isii 
$e=!r:  wz?  iz.  taxHCie  :f  ^fuLJxr  ^'Oijstz.i  rnra  He  -E^  7utxt£ 
\jnrL!^  Hs:  i-ttr^'-t  Hit  otaJc  5-:*:ir. 

rj  :b±  zzit!?  :c  l*t!Ti:;i3i  Jim.  x-Zivrt  He  anit  :n*^!:s  in«:ii 
'^Zxzrzier  ZiZri  »■,"  :in:Tri:ir.  rv':  tM:*::*:^  iT  ^iir^m  vtrt  rrrrn-.^ri.  :ne 
c-:cjiLnH£  r:'.Her:iia  Tin  iiiici.  It  He  -rjirre  :r  i  r-fremi. 
Ci=iHissi:c  ic  He  :er-*53H:n  -.{  taUH  ;:iuii::::ii  -ir.Tre^i  ii  He 
CHln±rra.  r  izcearrii  Hiic  i«:nie  ir  He  Henii:*:r=s  vtrt  i:isni:??«td 
ic  rsi^  Hen  1j  ±e  i^jtiicinr  Jeifs.  viile  '.r.ien  HiHuiinu:  He 
Vrr^^zzt  Hcceic  hoi  ne^  v-iri  Hcri  ik.tiy  '.:  '.n  -tmnonns  :t 
aew-r  TtrHiTT  r:#:ij    f.j:.  E-ltkiiig  .  imi  nac  i  Hiri  parr/  "voij 

Tbi*  iC'CT  cHirafXtr  :c  He  •Jlay-ir-H.-F'ir.tn  v::rji  ir.cerlies 
U"h>ee:eT  Ejzit  C:ciHi:r  "via  i^carrr.c  Al»:ar  He  -tw-irin-.ti  r:iiE±. 
wbtre  ±e  hh.  rioie  "iiH-i:::  xrxis  iiilri-i  :.:  .inie  ::'.e  ^r.trle  zti^l 

Ic  2  pn  :oe::ed  h  He  fnie  :c  He  .:::le  H.l  :r  fiirc 
peboufs.  ^^  ^^  ▼^=^  -f  '-^  HiJS.r-rzais  i:  Eriier  Enii 
t?>r  r^rc*:^:r  zi^-*  *:c:e  IiHtthhc  :c  lire  ricJt?  Trri'ih  .:oc:r:i:se  He 

ciiior.i  wbicri  Hxiy  biLTc  icr'-tr^i-'*'  vV.:li  zz^'zr.r.^z'^  :3  the  ho^s 
oc  peixxes  cipCfs-ttL  :o  a  «ie^cJi  :c  ic  or  r  j  :i.  h  He  sdes  of 
the  pit  in  whicTL  t^ji  partj  w-rr  iCincir.^.  he  rrHjrkcC  hj.:  he 
agreed  with  Mesn.  W:i.::iker  izii  H.  B.  VVnjii^iri  in  :h:r.k:ng 


I02  EXCURSION  TO  LANE  END,  BUCKS. 

it  to  be  of  Eocene  age ;  and  Mr.  H.  W.  Monckton,  who  was 
present,  was  also  inclined  to  share  this  view.  The  President 
(Mr.  R.  S.  Herri es),  however,  while  admitting  the  Eocene  origin 
of  the  pebbles,  suggested  that  the  deposit  might  be  as  well,  or 
better,  interpreted  as  a  reconstruction,  due  to  the  accumulation  in 
a  hollow  of  the  washings  from  one  or  more  thinner  Eocene 
pebble-beds  formerly  outcropping  at  a  higher  level  in  the  vicinity; 
and  that  its  present  occurrence  on  a  hill  m^i^ht  be  ascribed  to  the 
resistance  which  such  bodies  of  stor^'  commonly  offered  to 
denudation*.  He  had  in- «niV>d:^^ain  rsce.nstructed  pebble-beds 
of-the-B^gsfeot  Distmk.'..-    '    :•  •  " 

\  V'JtS.'rfepl^S  the  'Director  contended  that  the  bed  was  too 
homogeneous  for  a  reconstructed  deposit.  Had  the  material 
accummulated  in  the  manner  suggested  by  the  President  some 
sub-angular  flints,  quartz  pebbles,  bits  of  Sarsen,  or  other  common 
constituents  of  the  local  drift-gravels,  would  surely  have  been 
incorporated.  A  close  scrutiny  had  failed  to  reveal  any 
constituents  probably  referable  to  the  drift  in  the  body  of  the 
pebble-bed,  though  a  sprinkling  of  such  extraneous  matter 
occurred  in  the  thin  soil  and  wash  near  the  surface.  Moreover, 
the  structure  of  the  bed,  as  shown  by  the  gradation  in  the  size 
of  the  pebbles,  resembled  the  effects  of  current  or  wave  action 
much  more  closely  than  those  of  rain-wash  and  soil-creep.  His 
belief  that  the  bed  was  a  Reading  shingle-bank,  strictly  in  sM, 
remained  unshaken. 

Quitting  the  pit,  the  party  next  inspected  a  poor  exposure  of 
part  of  the  Reading  "  bottom-bed  "  in  the  banks  of  the  road  lead- 
ing from  Bolter  End  cross- ways  to  Fingest  The  bed  there 
contains  angular  blocks  of  very  hard  yellowish  and  grey  limestone 
(altered  chalk)  in  a  matrix  of  fine  light-coloured  calcareous  sand 
and  clay.  In  many  respects  this  deposit  resembles  one  which  is 
to  be  seen  near  Bedwyn  in  Wiltshire,  and  which  was  described, 
many  years  ago,  by  Mr.  Whitaker  in  his  paper  "On  a 
Reconstructed  Bed  on  the  Top  of  the  Chalk  and  underlying  the 
Woolwich  and  Reading  Beds."* 

In  the  underlying  flinty  chalk  of  the  M.  cor-anguinum-zont 
numerous  small  fissures  filled  with  calcareous  sand  containing 
microzoa,  prisms  of  Inoceramus-sheWy  and  other  organic  debris 
from  the  enclosing  rock,  were  noticed.  A  pipe  lined  with  a 
similar  sand  had  been  pointed  out,  near  Bullock's  Farm,  earlier 
in  the  afternoon. 

A  short  walk  south-eastward  brought  the  party  to  the  Lane 
End  sand-pit,  which  was  described  by  the  Director  in  the 
Proceedings  for  1899  and  1906.  With  the  enlargement  of  the 
working  the  section  figured  in  1906  had  undergone  considerable 
changes  in  detail,  but  it  still  clearly  showed  the  pebbly, 
glauconitic,  horizontally-stratified  Basement  Bed  of  the  London 

*Quart.Joum,  Geol.  Soc,  vol.  zvii  (z86i),  p.  527. 
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Clay  resting  evenly,  but  unconformably,  upon  the  gravelly  sands 
of  the  Reading  Series.  A  new  excavation  in  the  Reading  Beds, 
made  in  the  floor  of  the  main  working  during  the  early  spring 
of  the  present  year,  showed  the  lenticular  masses  of  rough 
gravelly  material  rising  westward  and  thinning  out  upon  a  bank  of 
yellow  sand.  The  section  seen  by  the  Association  in  1899  lay  a 
few  yards  farther  to  the  west  and  exhibited  none  of  the  gravelly 
beds. 

The  members  examined  the  excavations  with  some  care,  and 
although  at  first  inclined  to  regard  the  confused  stratification  of 
the  Reading  Beds  with  suspicion,  and  to  question  the  age  of  the 
overlying  glauconitic  loams,  they  eventually  accepted  the  Director's 
reading  of  the  section  which  formed  the  principal  objective  of  the 
present  excursion. 

After  tea  at  the  adjacent  "  Old  Sun  *'  Inn,  the  President,  in 
concluding  a  review  of  the  aftemoon^s  work,  proposed  the  cus- 
tomary vote  of  thanks  to  the  Director,  and  this  having  been  passed 
and  acknowledged,  the  party  returned  to  West  Wycombe  by  Park 
Lane  and  the  pretty  hamlet  of  Towerage. 

On  the  way  back  a  few  exposures  of  Upper  Chalk  were  noticed 
in  passing ;  and  from  a  point  a  little  to  the  north  of  Towerage 
there  was  obtained  a  singularly  pleasing  prospect  in  which  a 
succession  of  steep,  darkly-wooded  spurs,  overlooking  Hledlow 
Bottom,  formed  a  vista  that  led  the  eye  onward  to  a  fresh  green 
down  rising  against  the  sky  at  the  far  end  of  the  valley.  The 
sharp  outlines  of  distant  features  gave  warning  of  I  he  approach 
of  rain,  and  drops  were  already  spotting  the  dust  on  the  Oxiord 
Road  as  the  party  trailed  into  the  railway  station. 
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Saturday,  April  27TH,  1907. 

Director :  C.  W.  Osman,  M.I.C.E. 

Excursion   Secretary :    A.    C.    Young. 

{Report  by  The  Director.) 

The  party  left  Cannon  Street,  S.E.  &  C.R.,  at  12.54  p.m.,  and, 
mustering  34  on  arrival  at  Aylesford,  adjourned  to  the  Goods 
Yard,  where  the  Director  from  a  convenient  crane  base  explained 
to  the  members,  with  the  aid  of  diagrams  and  models,  the  object 
of  the  excursion,  namely  the  study  of  the  course  of  the  River 
Medway  in  the  neighbourhood  of  Maidstone. 

The  Director  said  that  in  order  to  understand  the  course  of 
the  Medway  it  was  necessary  to  go  some  way  back  in  geological 
time  and  to  consider  the  general  question  of  the  origin  of  the 
Weald. 

The  history  of  the  Weald  of  Kent  and  Bas  Boulonais  began 
with  the  close  of  the  Oxford  Clay,  at  which  time  a  general  slow 
sinking  of  the  area  from  a  little  south  of  Chatham  occurred,  and 
this  continued  throughout  the  whole  of  the  period  between  the 
Oxford  Clay  and  the  deposition  of  the  Gault.  In  describing  this 
subsidence  Mr.  Whitaker  had  pointed  out  that  the  loss  of  strata 
from  a  point  33  miles  south  to  Chatham  was  no  less  than  3,300  ft.* 
Professor  W.  Boyd  Dawkins  also  gave  an  instance  of  a  similar 
loss  of  strata  more  to  the  west,  f  so  it  appeared  that  a  great 
wedge-shaped  mass  of  strata,  mostly  clay,  existed  under  the  Weald 
Clay  between  the  Oxford  Clay  and  the  Gault.  In  considering 
the  effect  of  this  the  30  ft.  of  Folkestone  Beds  found  in  the 
Chatham  boring  could  be  disregarded.  Above  the  Folkestone 
Sands  the  Gault  and  the  Chalk  had  been  continuously  deposited 
over  the  whole  of  South-eastern  England. 

The  next  stage  in  the  history  of  the  Weald  occurred  at  the 
close  of  the  Chalk  period,  when,  apart  from  the  general  continental, 
upward  movement,  a  special  elevation  in  the  Weald,  of  a  long, 
oval,  dome-shape,  occurred,  and  the  sea  began  its  work  of  planing 
down,  forming  the  Lower  Eocene  Woolwich  and  Oldhaven  pebble 
beds  from  the  flints  washed  out  from  the  dome.  X  The  perfect 
oval  shape  of  these  pebbles  was  doubtless  due  to  the  strong 
currents  in  the  great  Bay  of  the  Eastern  Sea  of  the  p>eriod.  This 
attack  of  the  sea  continued,  .sometimes  on  the  north  and  some- 

*  Trans.  S.E.  Union  Scientific  Societies,  1899,  **The  Deep-seated  Geology  of  the 
Rochester  District." 

t  **  Roval  Commission  on  Coal  Supplies,  Final  Report  1905,"  Diagrams. 
X  W.  whitaker,  Mem,  Gto.  Survty,  1889,  vol.  Iv,  p.  216. 
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times  on  the  south  side,  almost  continuously  throughout  the 
Eocene  and  Oligocene  periods,  with  the  exception  of  the  London 
Clay  period,  when  the  whole  of  the  Wealden  area  appears  to  have 
been  submerged.* 

Precisely  what  happened  in  the  Miocene  period  is  not  known. 
It  is  usually  assumed  that  our  area  was  a  land  surface,  but 
more  probably  the  denudation  of  the  Weald  was  being  completed. 
However  this  may  be,  the  intimately  connected  Lower  Pliocene 
sea  completed  the  plane  of  denudation  out  of  which  the  present 
surface  of  the  Weald  is  carved.t  This  plane  of  marine  denuda- 
tion would  seem  to  have  been  a  submerged  plateau  of  about  20 
fathoms,  swept  by  strong  currents  which  removed  all  traces  of 
chalk  pebbles,  and  across  which  the  Lenham  or  Diestian  sand 
advanced  in  a  horizontal  direction  until  its  margin  corresponded 
nearly  with  the  centre  of  the  Weald,  when  a  further  important 
movement  occurred  forcing  the  Wealden  area  above  the  sea  level 
and  bending  the  Diestian  sands  somewhere  along  a  line  south  of 
the  lower  Thames  valley.  With  this  movement  the  modem 
history  of  the  Weald  appears  to  commence. 

The  older  geologists  who  accepted  the  plane  of  marine 
denudation  were  much  puzzled  to  account  for  the  transverse 
direction  of  the  river  courses  across  both  hard  and  soft  rocks, 
and  to  meet  the  case  assumed  that  the  rivers  would  follow  the 
lines  of  transverse  anticlines,  as  the  effect  of  these  would  be  to 
cause  the  lines  of  outcrop  on  the  top  of  the  anticline  to  be 
lower  down  the  dip-slope  than  normal.  Mr.  Topley,  however, 
has  shownj  that  this  assumption  is  not  correct  and  that  the  rivers 
usually  follow  lines  of  synclines,  but  he  gives  no  explanation  of 
how  this  came  about,  and  leaves  us  with  the  plane  of  denudation 
on  which  the  synclinal  lines  of  outcrop  would  be,  in  the  centre, 
higher  up  the  dip-slope  than  normal,  so  that  subaerial  erosion  on 
such  a  surface  would  cause  the  rivers  to  trend  away  from  the 
synclines;  but  such  a  case  does  not  exist,  and  some  further 
explanation  is  therefore  necessary.  This  difficulty  was  further 
illustrated  by  two  models. 

The  later  Eocene  and  Miocene  times  were  periods  of  great 
volcanic  activity  in  North  Ireland  and  West  Scotland,  where 
volcanoes  more  than  rivalling  Etna  were  formed,  and  also  in 
early  Pliocene  times  there  were  tremendous  mountain-forming 
movements  in  progress  such  as  caused  the  making  of  the  Alps, 
and  also  the  further  elevation  of  the  Carpathians  and 
Himalayas.  The  result  of  these  masses  being  piled  up  was 
to  upset  the  equilibrium  of  the  earth,  and  to  restore  this  certain 
earth  movements  followed ;  amongst  these  were  the  subsidence 
of  the  eastern  area  forming  the  North  Sea,  the  lower  Thames 


*  A.  J.  Jukes-Browne,  "  The  Building  oi  the  British  Isles,    p.  222. 

t/w2r^P.237. 

X  '*  Geology  of  the  Weald/'  M»m.  Geol,  Surv.,  X87S1  pp.  277, 278. 
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valley,  and  the  formation  of  a  remarkable  series  of  monoclinal 
roll  disturbances  in  a  nearly  east  and  west  direction,  which 
Dr.  C.  Barrois  calls  "The  Folding  of  the  Downs."  A  diagram 
was  exhibited  showing  some  sections  across  these  rolls,  near  the 
line  of  the  North  Downs  by  Mr.  Whitaker  and  Mr.  Topley,  and 
across  the  South  Downs  by  Mr.  W.  H.  Bristow,  through  Mount 
Caburn,  near  Lewes,  and  the  coast  section  of  the  Isle  of  Purbeck. 
It  was  pointed  out  that  though  the  dip  of  the  beds  on  the  north 
and  south  sides  of  the  Weald  was  reversed,  these  monoclinal 
rolls  were  precisely  similar  in  character  and  generally  had  the 
peculiar  feature  that  when  denuded  they  showed  lower  beds  to 
the  south  side  of  the  disturbance.  Such  monoclinal  rolls  are  not 
found  in  the  centre  of  the  Weald,  and  from  the  more  sandy 
nature  of  the  Hastings  Beds  we  should  not  expect  them,  but  here 
an  equally  remarkable  series  of  predominating  easterly  and 
westerly  faults  are  found.  Mr.  Topley  states  that  on  Sheet  5  the 
faults  running  approximately  in  an  east  and  west  direction 
amount  to  260  miles,  and  faults  approximately  north  and  south 
only  to  30  miles.*  Their  parallelism,  however,  at  once  suggests 
a  connection  with  the  monoclinal  rolls,  and  if  from  an  examina- 
tion of  these  faults  we  find  that  lower  beds  predominate  on  the 
south  side  we  shall  have  established  another  strong  connection 
with  the  rolls,  and  fill  in  the  gap  between  the  North  and  South 
Downs.  On  Horizontal  Section  Sheet  77  the  faults  with  lower 
beds  to  the  south  have  a  total  throw  of  about  1,135  ^^>  while 
those  faults  with  higher  beds  to  the  south  have  only  a  throw 
of  about  530  ft.  Again  on  Horizontal  Section  Sheet  78  the 
throw  of  the  faults  with  lower  beds  to  south  amount  to  about 
980  ft,  while  those  with  higher  beds  to  the  south  only  equal 
about  400  ft.  throw.  There  is  something  more  than  mere 
coincidence  here  and  we  may  safely  assume  these  faults  to  be  the 
equivalents  of  the  monoclinal  rolls,  and  that  the  whole  of  south- 
eastern England,  from  the  Kingsclere  inlier  southwards,  has  been 
similarly  disturbed  at  one  and  the  same  time. 

Referring  to  these  monoclinal  folds  Dr.  C.  Barrois  points 
outf  that  there  have  been  three  important  movements  which 
have  affected  the  English  Channel  region.  The  first  movement, 
called  by  Prof.  Gosselet  "The  Folding  of  the  Ardennes," 
in  Lower  Silurian  times;  the  second,  named  by  Prof. 
Gosselet  "The  Folding  of  Hainaut,"  occurred  in  the  Coal 
Measures  period ;  the  third  is  called  by  Dr.  Barrois  "  The  Folding 
of  the  Downs,"  and  he  gives  the  Oligocene  as  the  time  of  its 
occurrence.  In  this  date,  however,  he  was  mistaken,  as 
borings  made  by  Mr.  Clement  Reid  in  the  Isle  of  Wight  have 
since  proved  that  the  highest  Hempstead  Beds  are  affected  by 
the  Monoclinal  rolls,  so  that  these  must  be  of  subsequent  age. 

*  "Geology  of  the  Weald,"  Mem.  GeoL  Survey,  1875,  p»  237. 
t  Pfoc.  Geol,  Attoc.,  vol.  vi,  pjH  34—37. 
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The  great  point  Dr.  Barrois  makes  is  that  these  movements 
have  been  due  to  sudden  thrusts  from  the  south,  causing  these 
disturbances  by  the  relief  of  tangential  strain,  also  that  the  long 
periods  between  these  great  foldings  were  times  of  comparative 
quiet;  but  it  does  not  follow  that  there  were  no  disturbances 
between  these  foldings,  and  an  Oligocene  line  of  disturbance 
has  had  a  great  part  to  play  in  producing  the  geography  of  the 
neighbourhood  of  Maidstone,  neither  do  these  sudden  move- 
ments with  quiet  intervals  preclude  Continental  elevation  and 
depression,  and  a  clear  distinction  must  be  made  between 
Continental  movements  and  those  local  disturbances  which 
produce  small  faults  and  flexures. 


Fig.  10.— Diagram  to  Show  the  Syncline  of  the  Mbdway. 
— C  W.  Osman,  AfJ.C.E, 

Scale  :  Horizontal,  3  miles  =  I  inch  ;  Vertical,  600  feet  =  I  inch. 


Now  a  thrust  without  an  abutment  to  act  against  would 
simply  cause  translation,  and  we  find  our  abutment  in  that  great 
band  of  Palaeozoic  rocks  called  by  Prof.  Boyd  Dawkins  the 
"  South  Wales  Syncline  "  shown  with  other  tectonic  folds  on  the 
map  accompanying  his  evidence  before  the  Royal  Commission  on 
Coal  Supplies,  (Final  Report,  1905).  At  Aylesford  we  are  near 
the  southern  margin  of  this  fold,  which  appears  to  have  remained 
firm  while  the  tectonic  folds  to  the  south  subsided  and  were 
less  stable. 

We  are  now  in  a  position  to  sum  up.  We  have  a  great  wedge- 
shaped  mass  of  strata,  mostly  clay,  between  the  Oxford  Clay  and  the 
Gault  caused  by  the  subsidence  of  the  Palaeozoic  tectonic  folds  to 
the  south  of  the  South  Wales  Syncline.     A  movement  of  elevation 
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at  the  close  of  the  Chalk  epoch  first  formed  the  Wealden  dome, 
this  was  probably  due  to  the  closing  up  of  that  tectonic  fold 
called  the  North-Devon  anticline.  Then  followed  marine  and 
subaereal  erosion  until,  in  the  Lower  Pliocene  time,  a  plane  of 
marine  denudation  was  formed.  Upon  this  plane,  with  the  great 
wedge-shaped  mass  of  clay  beneath,  came  the  sudden  thrust  and 
crush  of  the  "  Folding  of  the  Downs "  acting  against  the  South 
Wales  Syncline,  and  the  result  would  be  that  the  plane  of  marine 
denudation  would  emerge  from  the  sea  and  be  wrinkled  up, 
where  the  strata  could  bend,  with  monoclinal  folds  transverse  to 
the  direction  of  the  thrust,  as  in  the  Weald  and  other  clays ; 
and  where  sandy,  as  the  Hastings  Beds,  parallel  faults 
transverse  to  the  thrust  would  occur.  So  suddenly  would  this 
happen  that  there  would  be  no  time  for  subaereal  denudation 
to  efface  the  rolls  and  synclines  that  would  be  formed,  and  the 
rivers  would  take  these  latter  for  their  courses  and  have  generally 
adhered  to  them  ever  since.  Great  movements  have  taken  place 
since  that  time,  but  these  have  been  mainly  of  a  slow  continental 
character  of  simple  elevation  and  depression  and  have  not 
affected  the  general  detailed  structure  to  any  great  extent. 

In  the  Maidstone  district  we  have  in  the  course  of  the  Med- 
way  a  fine  example  of  a  river  flowing  in  the  bottom  of  synclines. 
Fig.  lo  gives  two  diagrams  showing  this  by  the  base  of  the  Hythe 
Beds  and  the  Chalk  Marl  respectively.  The  base  of  the  Hythe 
Beds  is  given  by  Mr.  Topley  *  in  illustration  of  the  synclinal 
course  of  the  Wealden  Rivers.  The  syncline  of  the  base  of  the 
Chalk  Marl  is  not  so  clear,  but  undoubtedly  exists,  the  line  of 
the  diagram  is  taken  down  the  dip  slope  from  Trottescliffe  to 
Holborough  and  thence  up  the  dip  to  Harpole  Farm.  Now  if 
we  join  Trottescliffe  and  Harpole  Farm  by  a  straight  line  we  get 
the  true  strike,  as  both  places  are  cut  by  the  300  foot  O.D.  con- 
tour, but  in  spite  of  an  upward  disturbance  we  find  that  the  base 
of  the  Folkestone  Sands  only  touches  the  100  foot  contour  near 
Larkfield,  more  than  a  mile  south  of  the  line  of  strike  ;  the  thick- 
ness together  of  the  Gault  and  Folkestone  Sands  is  about  200  ft., 
so  that  the  base  of  the  Chalk  Marl  would  be  only  300  ft.  O.D.  if 
produced  to  this  point,  and  therefore  a  synclinal  exists  here  as 
well. 

Fig.  1 1  shows  a  section  taken  in  the  opposite  direction  to  the 
diagram  of  Fig.  10,  being  drawn  from  near  Kit's  Cotty  House  in  a 
south-westerly  direction  to  the  Hermitage,  and  thence  due  south 
to  across  the  River  Beult,  so  that  the  Medway  is  twice  crossed. 
At  Messrs.  Brice's  Quarry  the  base  of  the  Hythe  Beds  cuts 
Ordnance  Datum ;  near  the  Hermitage  the  level  of  the  ground 
is  275  O.D.,  here  there  is  a  thin  layer  of  gravel,  a  sign  only  of 
Folkestone  Beds  and  the  Sandgate  Beds,  say,  altogether,  20  ft. 
The  full  thickness  of  the  Hythe  Beds  given  by  Mr.  Topley  is  70 

*  *'  Geology  ot  the  Weald,"  Mtm.  Gtol.  Survey ^  p.  277. 
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or  80  ft.  *  SO  that  the  base  cannot  be  less  than  175  ft.  above  O.D. 
and  is  still  rising  to  the  south.  Where  the  Medway  crosses  the 
line  of  section,  near  East  Farleigh,  it  is  on  the  Atherfield  Clay, 
and  the  base  of  the  Hythe  Beds  is  only  between  30  and  40  ft. 
above  O.D.,  showing  that  the  Hermitage  ridge  is  an  anticlinal 
roll  of  the  Weald  Clay.  From  East  Farleigh  the  ground  rises 
very  rapidly  southwards  to  about  430  ft.  O.D.  at  Amsbury  House  ; 
allowing  the  full  thickness  of  the  Hythe  Beds  with  an  increase  to 
the  south,  say  100  ft,  the  base  cannot  be  less  than  330  ft.  O.D. ; 
so  that  at  East  Farleigh  the  Medway  runs  in  a  strongly  pronounced 
syncline.  Going  south  from  Amsbury  House  the  outcrop  of  the 
Hythe  Beds  is  only  about  200  ft.  O.D.  Therefore  this  ridge  also 
must  be  a  roll  of  the  Weald  Clay.  These  anticlinal  ridges,  both 
running  in  an  East  and  West  direction,  terminate  by  dipping 
down  to  the  Medway.  The  Northern  or  Hermitage  anticline,  as 
far  as  our  area  is  concerned,  commences  on  the  West  at  the 
Plaxtole  Brook,  and  ends  to  the  East  of  the  line  of  section  (Fig.  11), 
between  AUington  and  Maidstone  The  Southern  or  Amsbury 
House  anticline  commences  at  the  Medway,  opposite  Nettlestead, 
and  runs  East  to  about  2  miles  south  of  Harrietsham,  where  it 
is  deflected  towards  the  E.S.E.,  to  form  the  south  side  of  the 
syncline  of  the  Stour.  These  two  anticlines  overlap  each  other 
and  the  Medway  flows  between. 

Now  a  long  line  of  disturbance  with  a  dip  from  10  to 
15  degrees  to  the  N.N.E.  runs  parallel  with  the  outcrop  of  the 
Chalk  and  Gault,  from  near  Wouldham  to  near  Charing.  This 
disturbance  is  parallel  to  the  Oligocene  depression  which  brought 
the  Mediterranean  to  our  shores,  and  also  to  the  estuary  of  the 
great  Oligocene  river,  and  was  doubtless  formed  during  that  age. 
The  section  (Fig.  11)  crosses  this  disturbance  at  about  2|^  miles  (it 
can  be  clearly  seen  at  Messrs.  Brice's  Folkestone  Sand-pit,  on  the 
right  bank  of  the  Medway,  less  than  a  quarter  of  a  mile  east  of 
the  line  of  section).  Against  this  Oligocene  line  of  disturbance 
the  Hermitage  anticline  is  stopped  with  a  considerable  amount  of 
contortion  as  seen  at  Messrs.  Brice's  quarry  (Fig.  12).  The 
Amsbury  House  anticline  also  runs  east  by  south  up  to  this  same 
Oligocene  line  of  disturbance  near  Harrietsham,  which  it  con- 
siderably faults  and  throws  out  of  position. 

A  line  of  disturbance,  such  as  this  Oligocene  one,  acts  as 
a  stiffener  amongst  the  rocks  and  offers  resistance  to  any  force 
impressed  upon  it  from  any  but  a  normal  direction,  precisely  in 
the  same  way  as  a  bend  in  a  piece  of  tin  stiffens  the  plate  in  every 
direction  but  the  bend  itself.  The  Hermitage  and  Amsbury 
House  anticlines  are  rolls  obviously  part  of  the  east  and  west 
disturbance  of  the  "  Folding  of  the  Downs  "  in  Pliocene  times  at 
the  crush  up  of  the  plane  of  marine  denudation,  and  these  rolls, 
together  with  the  older  Oligocene  disturbance,  give  us  a  beautiful 

•  "Geology  of  the  Weald,"  Mem.  Geol,  Survey,  p.  120. 
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illustration  of  the  effect  of  a  force  impressed  on  a  diagonal  line  of 
resistance  producing  overlapping  and  parallel  replacement  of  lines 
of  flexion. 

The  course  of  the  Medway  in  our  area  can  thus  be  accounted 
for  by  synclines  from  its  entering  into  the  Lower  Greensand  near 
Yalding  as  far  as  Maidstone;  and  also  its  exit  through  the 
syncline  of  the  Chalk  Marl  at  New  Hythe,  but  there  remains 
a  small  portion  of  its  course  in  a  westerly  direction  which  the 
simple  syncline  theory  does  not  readily  explain.  On  the  i-inch 
map  there  is  shown  a  small  fault  in  an  east  and  west  direction  at 
Preston  Hall.  This  fault  is  somewhat  peculiar  in  that  the  strata 
both  on  the  north  and  south  sides  dip  down  to  it,  and  the  throw 
itself  is  very  slight  The  line  of  the  section  (Fig.  1 1 )  cuts  across  the 
eastern  extension  of  this  fault,  and  the  dipping  of  the  rag-beds 
towards  the  south  may  be  seen  in  the  S.£.  &  C.  Railway  cutting 
near  Bridge  No.  935,  while  the  dip  to  the  north  can  be  well  seen 
in  Messrs.  Brice's  quarry.  Doubtless  this  is  one  of  the  results  of 
the  meeting  of  the  Pliocene  Hermitage  roll  with  the  older 
Oligocene  Wouldham-Harrietsham  fold,  with  the  result  that  the 
crush  together  formed  the  double  dip  down  to  this  Preston  Hall 
fault  This  double  dip  would  be  produced  up  to  the  surface  of 
the  denudation  plane  as  a  small  valley,  and  so  induce  the  original 
course  of  the  Medway.  Since  that  time  the  Medway  has  cut  its 
channel  down  the  dip  slope  of  the  beds  to  its  present  position. 

When  the  Medway  commenced  to  run  as  a  river  at  the  time 
of  the  Pliocene  southern  thrust,  it  was,  of  course,  at  a  very  much 
higher  level,  higher  than  the  Chalk  crest,  and  the  Gault  plain  cor- 
responding to  the  Snodland  brook  marsh  was  some  miles  to  the 
south  ;  the  subsequent  subaerial  erosion  has  left  its  traces  in 
patches  of  drift  and  gravel  at  various  levels,  though  the  highest 
of  these  remains  in  our  neighbourhood  is  not  more  than 
330  ft  O.D.  at  a  patch  two  miles  W.S.W.  from  the  Hermitage. 
The  section  (Fig.  11)  cuts  three  of  these  drift  patches,  the  highest 
shown  being  at  the  Hermitage  itself.  Great  as  has  been  the 
amount  of  subaerial  denudation  of  the  Medway  valley  as  shown 
by  these  drift  patches,  we  should,  however,  allow  a  consider- 
able credit  on  account  of  the  amount  of  the  original  synclinal 
valleys  formed  when  the  course  of  the  Medway  was  originally 
determined.  Some  idea  of  the  amount  of  this  credit  allowance 
can  be  obtained  from  the  dip  of  the  beds,  where  the  section 
(Fig.  11)  crosses  the  Medway  at  East  Farieigh. 

Some  discussion  ensued  regarding  the  general  question,  and 
the  President  stated  that  the  points  raised  were  of  great  interest 
and  covered  a  wide  field,  and  that  after  they  had  seen  the 
evidence  that  could  be  obtained  during  the  afternoon,  they 
would  be  in  a  better  position  to  appreciate  the  Director's  views. 
Personally,  he  was  under  the  impression  that  the  Pliocene  sea 
did  not  occupy  the  whole  of  the  Wealden  area. 
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The  party  then  walked  to  Preston  Hall  Quarries,  where  they 
were  received  by  Mr.  and  Mrs.  Bensted.  Mr.  Bensted  unfor- 
tunately, owing  to  a  recent  accident  being  unable  to  walk,  could 
not  remain  with  the  party.  The  President  reminded  the 
members  that  Mr.  Bensted  was  a  very  old  friend  of  the 
Geologists*  Association,  and  many  years  ago  acted  as  a  Director 
of  an  Excursion  to  Maidstone.  In  reply,  Mr.  Bensted  said  it 
gave  him  great  pleasure  to  meet  the  Geologists'  Association 
again  after  so  many  years.  It  was  over  thirty  years  ago — in 
April,  1872 — that,  with  Professors  Rupert  Jones  and  Tennant, 
he  directed  a  party  of  the  Members  who  visited  the  Charles 
Museum,  and  his  Iguanodon  Quarry  at  Allington,  and  also 
another  of  his  quarries,  and  he  hoped  to  see  the  Members  again 
soon. 

At  these  extensive  Preston  Hall  quarries  the  Hythe  Beds  are 
seen  dipping  in  the  most  regular  manner  possible  very  gently 
towards  the  north  without  any  sign  of  disturbance.  Over  the 
whole  of  the  west  quarry  the  Hythe  Beds  come  to  the  surface 
without  any  drift,  but  in  the  east  quarry  a  considerable  covering  of 
drift  sand  and  gravel  occurs,  and  in  the  north-east  angle  possibly 
the  Sandgate  Beds  are  in  situ  under  the  sandy  drift  Fossils, 
chiefly  from  the  lower  lanes  of  Hassock,  were  found  by  the  members 
in  fair  quantity.  After  a  vote  of  thanks  to  Mr.  Bensted  the  party 
proceeded  south  to  Messrs.  Brice's  quarry  near  White  House 
Farm,  here  the  Hythe  Beds  are  seen  much  disturbed,  and  some 
idea  of  the  extent  of  this  can  be  obtained  from  Fig.  1 2.  Going  on 
to  the  south  the  party  inspected  Messrs.  Chittenden  and 
Simmon's  quarry  on  the  west  side  of  the  railway,  opposite 
Allington  Church,  where  the  beds  again  become  more  regular  but 
with  a  dip  to  the  east  towards  the  Medway.  Here  also  may  be 
seen  the  commencement  of  the  brick  earth  pipes.  Still  farther 
to  the  south  the  party  reached  the  S.  E.  &  C.  Railway  quarry  at 
the  east  end  of  the  Hermitage  roll.  This  quarry  is  between  the 
North  Kent  and  Maidstone  East  Railway  lines,  and  where  the 
Medway  makes  a  sharp  bend  and  comes  close  to  the  railway.  At 
this  quarry  numerous  brickearth  pipes  are  found  running  in  a 
north  and  south  direction,  and  the  Hythe  Beds  between  are 
inclined  sharply  down  towards  the  east  and  the  river.  The 
Director  pointed  out  that  while  doubtless  some  of  this  inclina- 
tion was  due  to  underground  water  dissolving  away  the  ragstone, 
tilting  the  beds  and  letting  down  the  drift  and  gravel  into  the 
pipes,  still  no  such  action  could  account  for  the  sharp  down  to- 
east  flexure  that  can  now  be  seen  without  a  break  due  to  the 
pipes,  and  that  it  was  most  probable  that  the  fissures  now  forming 
the  pipes  were  opened  by  the  breaking  across  of  the  hard  ragstone 
beds  by  the  crush  of  the  stoppage  of  the  Hermitage  roll  against 
the  Oligocene  disturbance. 
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A  very  hearty  vote  of  thanks  was  here  accorded  the  Director 
for  a  most  interesting  excursion.  The  Members  then  walked  to 
Maidstone  where  they  enjoyed  an  excellent  tea  and  left  for  London 
by  the  7.41  p.m.  train. 

Fossils  collected  by  Members  of  the  Association  in  Mr. 
Bensted's  Preston  Hall  Quarries  (Hythe  Beds).  Identified  by 
E.  T.  Newton,  F.R.S.,  F.G.S. 

West  Quarry. 

Ammonites       ( Acanthoceras)  Exogyra  sinuaia.  Sow. 

martini^  d*Orb.  Gerviilia  anceps^  Desh. 

Ancyloceras  gigas^  Sow.  Myadtes  sp. 

Nautilus  radiatuSy  Sow.  Pecten  orbicularis^  Sow. 

Belemnites  sp.  Trigqnia  ornata^  d*Orb  (very 
Pleurotomaria  gigantea^  Sow.  abundant). 

Exogyra  conica^  Sow.  Wood. 

East  Quarry. 

Ammonites       (Acanthoceras)  Nautilus  radiaiuSy  Sow  (very 

martiniy  d'Orb.  abundant). 

Ancyloceras  gigas^  Sow.  Pleurotomaria  gigantea.  Sow. 

Exogyra  sinuata^  Sow. 
N.B. — No  Trigonice  were  noticed  in  this  quarry.     The  lower 
part  was,  however,  full  of  water. 
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ORDINARY  MEETING. 

Friday,    May    3RD,     1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,   in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 

Malcolm  Burr,  B.A.,  A.R.S.M.,  F.G.S.,  Simeon  Priest,  F.G.S., 

Browne  Webb. 

The  following  papers,  descriptive  of  the  district  to  be  visited 
at  Whitsuntide,  were  then  read  : 

1.  "The   Igneous   Rocks  of  the  Bristol  District."     By   Professor  S.   H. 

Reynolds,  M.A.,  F.G.S. 

2.  **  The    Carboniferous    Limestone   Sections  of   Burrington    Combe   and 

Cheddar."    By  T.  F.  Sibly,  B.Sc,  F.G.S. 

3.  "  Note  on  the  Coral  Zones  of  the  Avonian  (Lower  Carboniferous)."   By  A. 

Vaughan,  B.A.,  D.Sc,  F.G.S. 

The  papers  were  illustrated  with  a  large  series  of  lantern  views. 
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The  President  moved  a  vote  of  thanks  to  the  respective 
authors^  and  referred  to  the  great  interest  which  had  been  added 
to  the  study  of  the  Carboniferous  Rocks  by  the  zoning  work  of 
Dr.  Vaughan  in  the  Avon  gorge  and  its  application  to  other 
districts  by  Mr.  Sibly.  He  also  congratulated  Professor 
Reynolds  on  his  discovery  of  igneous  rocks  of  Silurian  age  in  the 
Mendips.  Mr.  E.  T.  Newton  also  spoke,  and  Professor  Reynolds 
replied. 

A  specimen  of  Nautilus  from  the  Lower  Greensand  quarry  at 
Preston  Hall,  near  Aylesford,  which  had  been  visited  by  the 
Association  on  April  27th,  was  exhibited  by  Mr.  A,  C.  Young. 


EXCURSION  TO  FARINGDON. 

May  4TH,  1907. 

Dirtitor :  Llewellyn  Treacher,  F.G.S. 

Excursion  Secretary :  George  W.  Young,  F.G.S. 

{Report  by  ThE  DIRECTOR.) 

The  stomiy  weather  of  the  previous  night  prevented  all  but  the 
most  ardent  field  geologists  making  the  early  start  from  town 
which  was  necessary.  However,  about  a  dozen  members  and 
friends  met  the  Director  at  Challow  Station  at  1 1.35,  the  London 
contingent  arriving  by  a  train  specially  stopped  for  the  occasion, 
and  the  day  turned  out  beautifully  fine. 

The  party  drove  first  to  Stanford-in-the-Vale,  where,  at  the 
western  end  of  the  village,  they  entered  the  Corallian  (juarry 
described  long  ago  by  Dr.  Mantell  in  the  "  Excursions  "  at  the 
end  of  his  "  Medals  of  Creation."  The  weathered  face  of  old 
excavations  can  be  seen  surrounding  several  acres  of  ground  on 
both  sides  of  the  main  road  to  Faringdon,  but  the  only  portion 
worked  at  the  present  time  is  on  the  east  side.  The  general 
section  exposed  is : — 

S.  Dark  loamy  soil,  in  which  prehistoric  implements  have  been  found.— I  i  fi. 
4.  Coral  Rag — Broken  corals  and  echinoderms,  with  the  interstices  filled  with 

clay — ^4  ft. 
3.  Coralline  Oolite— Hard,  blue-hearted,  flaggy  rock  with  a  few  small  pebbles 

of  quaru,  chert  and   lydian  stone,  the   flagstones  alternating   with 

occasional  la3rers  of  coarse  rubbly  oolite. — 5  ft. 
3.  Coarse  oolitic  sand — 6  inches,  passing  down  into. 
I.  Lower  Calcareous  Grit— Yellow  sand,  false-bedded  in  places.     Water  at 

bottom  of  quarry — about  3  ft.  shown. 

The  relative  proportions  of  the  hard  and  soft  layers  of  Bed  3 
vary  somewhat  when  traced  along  the  face  of  the  quarry,  but  the 
composition  and  thickness  of  the  other  beds,  of  the  coral  bed  in 
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particular,  remain  very  constant.  The  coral  bed  appears  to  form  the 
sub-soil  over  some  extent  of  country  hereabouts,  and  was  formerly 
much  used  for  road  metal;  remains  of  old  workings  being 
noticed  in  many  places  near  the  roadsides.  The  Kimeridge  Clay 
comes  on  at  the  other  end  of  Stanford  village,  where  it  is  dug  for 
brickmaking. 

Although  but  little  time  was  allowed  for  collecting,  a  fair 
number  of  fossils  were  obtained,  including,  from  Bed  2,  Exogyra 
nana,  Osirea  (a  medium-sized  form),  Belemnites  abbreviaius  (worn 
and  covered  with  small  oysters).  From  the  hard  crystalline 
matrix  of  Bed  3  specimens  could  only  be  extracted  with  difficulty, 
but  Gervillia  aviculoides,  Trigonia  perlata  and  teeth  of  Lepidoius 
maxtmus  were  noted.  The  Corals  in  Bed  4  were  chiefly  belong- 
ing to  the  genera  Thecosmilia,  Thamnasirea  and  Jsastrea,  in 
rather  poor  condition,  associated  with  Cidaris  florigtmma  (tests 
and  spines),  Fseudodiadema  versipora,  Liihodomus  inclusus, 
JJttorina  muricala  and  Pecten  ariiculatus.  No  division  between 
the  palaeontological  zones  could  be  detected  owing  to  the  lack  of 
the  zonal  Ammonites  in  place,  but  a  fragment  of  A.  perarmatus 
was  found  among  the  oolitic  debris  of  Bed  3,  so  that  either  this 
species  occurs  here  above  its  proper  zone,  or  the  zone  of  A, 
plicaiiiis  must  be  extremely  thin  in  this  district. 

The  drive  was  then  continued  about  a  mile  farther  along  the 
main  road  to  Faringdon  to  a  large  quarry  near  the  cross-road 
from  Hatford  to  Shellingford.  The  section  is  much  the  same  as 
at  Stanford,  except  that  the  quarry  being  situated  higher  up  the 
dip-slope  the  bottom  is  free  from  water,  and  it  can  be  worked  to 
a  greater  depth.  The  lower  sands  are  more  current-bedded  and, 
like  the  overlying  oolite,  contain  a  good  deal  of  wood.  Bed  3 
is  rather  thicker  than  at  the  last  quarry,  and  there  are  more  of 
the  rubbly  oolitic  layers  and  much  pisolite.  Its  variable  nature 
prevents  any  more  detailed  section  being  given,  as  such  would 
only  apply  to  one  particular  spot,  but  the  whole  may  be  com- 
pared with  that  given  by  Messrs.  Blake  and  Hudleston,  as  seen 
by  them  in  the  Workhouse  Quarry,  Faringdon.  Additional 
fossils  were  Pygasler  umbrella^  Echinobrissus  scutatus,  Belemnites 
nitidus,  Myaciies,  Avicula^  Pecten  lens  and  Lima  IcBviuscula,  In 
one  part  of  the  quarry  the  coral  bed  (4)  is  largely  made  up  of 
stiff  clay,  a  small  piece  of  which,  when  washed,  yielded  many 
perfect  specimens  of  Thecidium  ornatum,  spines  of  Cidaris 
spinosa  and  Asteroid  ossicles.  Two  claws  of  Goniocheirus  cristatus 
and  a  tooth  of  Pliosaurus  complete  the  list.  No  Ammonites 
were  seen  in  place,  but  the  workmen  had  put  by  specimens  of 
A.  perarmatus,  A.  cordatus,  A.  plicatilis  and  A,  varicostatus,  all 
apparently  from  Bed  3, 

Proceeding  towards  Faringdon  the  road  rises  gently  but 
persistently  up  the  dip-slope  of  the  Corallian  to  the  foot 
of  the    hill,    on    the    crown    of    which  grows    the    group    of 
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pine  trees  known  as  Faringdon  Clump.  At  the  top  of  the  first 
ascent,  near  the  old  brickyard,  a  halt  was  made  for  the  purpose 
of  observing  the  physical  features  of  the  district  Looking 
towards  the  south-west,  immediately  in  front  is  the  little  valley 
which  breaches  the  main  escarpment  north-west  of  Faringdon, 
and  running  through  the  town  opens  out  into  the  Vale  of  White 
Horse,  near  Shellingford.  The  floor  of  this  valley  is  here 
paved  with  Corallian  rocks,  and  on  its  opposite  side  rises  the 
long  north-west  and  south-east  ridge  of  the  Sponge-gravel, 
capped  at  its  southern  end  by  an  outlier  of  ironsands,  similar 
to  those  forming  the  highest  part  of  the  hill  under  the  Clump. 
On  the  eastern  side  of  the  ridge  the  Sponge-gravel  rests  directly 
on  the  Corallian,  but  on  the  west,  near  the  village  of  Little 
Coxwell,  some  thickness  of  Kimeridge  Clay  comes  between. 
The  Sponge-gravel  does  not  appear  to  cross  the  Faringdon 
valley,  as  the  ironsands  of  the  Clump  rest  directly  on  Kimeridge 
Clay,  which  was  formerly  worked  in  the  brickyard  close  by. 

A  small  pit  near  the  road  showed  a  section  of  the  sands. 
They  appeared  to  be  well  stratified  with  thin  layers  of  clay  and 
blocks  of  cherty  sandstone,  the  harder  parts  of  which  are  largely 
composed  of  small  spicules  of  siliceous  sponges,  like  those 
figured  by  Dr.  Hinde  as  belonging  to  the  genus  Geodia*  A 
sample  of  the  clayey  material  when  washed  yielded  many  pieces 
of  shells,  one  small  Terebratula  and  a  fragment  of  the  Bryozoan 
Petalopora  Cunningtoniy  (Gregory),  all  completely  silicified.  Mr. 
Osborne  White  noticed  grains  of  glauconite,  but  there  was  no 
trace  of  calcareous  matter.  The  age  of  the  sands,  and  of  the 
Sponge-gravel,  was  at  one  time  a  matter  of  dispute,  but  it  is 
now  generally  allowed  that  they  belong  to  the  Lower  Greensand, 
the  whole  of  the  deposits  probably  representing  the  greater  part 
of  that  period.  In  the  opinion  of  the  Director,  the  geological 
succession  of  events  in  this  neighbourhood  was  somewhat  as 
follows  :  After  a  wide-spread  denudation  of  the  Kimeridge  Clay 
down  to  within  a  few  feet  of  its  base,  a  narrow  north-and-south 
channel  was  cut  still  deeper  and  some  way  into  the  Corallian  Beds. 
This  channel  was  then  filled  up  with  the  Sponge-gravel,  and  over 
all  was  laid  down  a  thick  mass  of  the  Ironsands.  Subsequent 
denudation  has  removed  the  greater  part  of  the  last  deposit, 
leaving  only  a  few  outliers  on  the  hill-tops  at  the  Clump, 
Badbury  Hill,  and  near  the  vilhge  of  Fernham,  while  the 
Sponge-gravel  has  been  preserved  almost  intact.  Although  it 
occupies  an  area  of  not  more  than  two  miles  in  length  by  half-a- 
mile  in  breadth,  it  is  doubtful  if  it  ever  had  a  much  greater 
extension,  except  perhaps  towards  the  north,  in  which  direction 
it  may  have  rested  on  the  Oxford  Clay,  if  it  is  correct  that  fossils 
derived  from  that  formation  have  been  found  in  the  gravel. 

The  party  then  drove  through  Faringdon  and  for  some  distance 

*  Fossil  sponge  Spicule?,  plate  2.    Manlch,  18)0 
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along  the  Highworth  road,  to  a  point  whence  a  fine  view  was 
obtained  of  the  plain  of  Oxford  Clay  stretching  away  northward 
across  the  valley  of  the  Upper  Thames,  with  the  dip-slope  of 
the  Cotswolds  rising  beyond.  Noteworthy  features  of  the 
landscape  were  Badbury  Hill  on  the  left,  the  wooded  ridge  of 
Buscot  standing  up  in  the  plain  to  the  north-west,  and  the  pic- 
turesquely-situated town  of  Faringdon  lying  along  the  hillside 
below  the  Clump  on  the  right.  A  disused  quarry  close  to 
the  road  showed  the  Coral  Rag  running  up  to  the  edge  of  the 
hill,  thus  protecting  the  underlying  Oxford  Clay,  and  keeping  up 
the  steep  northern  face  of  the  escarpment. 

Returning  towards  Faringdon  a  brief  visit  was  paid  to  Mr. 
Bowler's  pit  in  the  Sponge-gravel  on  the  north  side  of  the  Swindon 
Road.  This  is  the  most  northerly  exposure  of  the  deposit  to  be 
seen,  and  it  is  here  more  than  20  ft.  thick.  The  material  is 
finer  and  softer  than  in  any  of  the  other  pits,  the  larger  fossils, 
such  as  sponges,  are  much  less  numerous,  but  there  are  plenty 
of  the  smaller  kinds.  The  Bryozoan  known  as  Radiopora 
pustulosa  is  particularly  abundant. 

The  brake  was  left  here  and  the  remainder  of  the  programme 
carried  out  on  foot.  Proceeding  towards  Little  Coxwell  the  old 
"  Windmill "  pit,  now  Mr.  Purbrick's,  was  reached,  and  found  to 
be  as  prolific  as  ever.  The  Sponge-gravel  is  almost  entirely  made 
up  of  organic  remains,  the  inorganic  portion  consisting  of  fine 
quartz  sand  with  a  few  pebbles  of  quartz,  lydian  stone,  chert, 
etc.  Although  the  face  of  the  quarry  stands  up  perpendicularly 
for  more  than  30  ft.  yet  the  texture  of  the  deposit  is  fairly  loose 
except  in  places  where  it  is  hardened  into  crystalline  masses 
parallel  to  the  bedding  planes.  The  absence  of  finer  or  clayey 
material  is  remarkable.  If  a  sample  of  the  gravel  is  washed  the 
only  discolouration  of  the  water  will  be  from  iron  stains.  It  is  this 
quality  which  gives  the  gravel  its  economic  value  and  causes  it 
to  be  in  great  request  for  footpaths  and  garden  walks.  It  retains 
its  bright  colour  well,  and  is  so  absorbent  of  water  that  its  surface 
keeps  dry  in  the  wettest  weather.  As  the  extent  of  the  workings 
show  it  is  not  only  used  in  the  immediate  neighbourhood  but 
also  exported  to  long  distances. 

The  fossils  may  be  divided  into  two  classes,  the  contem- 
poraneous and  the  derived.  Among  the  latter  have  usually  been 
placed  the  Belemnites,  but  Mr.  Lamplugh  has  questioned  the 
correctness  of  this  arrangement,  and  comparing  them  with  the 
Belemnites  speetonensis  of  the  North  of  England  has  suggested 
that  they  may  be  of  the  age  of  the  Sponge-gravel  or  some  earlier 
Lower  Greensand  deposit.  With  reference  to  this  it  should  be 
noted  that  the  Faringdon  specimens  also  resemble  Belemnites 
nitiduSy  a  species  very  common  in  the  Kimeridge  Clay  of  the 
neighbourhood.  On  the  previous  evening  the  Director  had 
obtained  seventy-six  specimens,  of  this  form  which   had  been 
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found  in  a  well  dug  in  the  Kimeridge  Clay  at  Longcot,  about 
two  miles  south  of  the  "  Windmill "  pit. 

Of  the  other  fossils  the  most  important  are  the  sponges,  the 
larger  forms  of  which  were  known  to  early  collectors  as  "  petrified 
salt-cellars."  They  all  belong  to  the  group  of  Calcisponges,  and 
about  eighteen  species  have  been  described  by  Dr.  Hinde  and 
Mr.  E.  C.  Davey.  Recently  the  Director  has  discovered  an 
example  of  another  form,  now  in  the  Jermyn  Street  Museum, 
which  Dr.  Hinde  thinks  is  an  undescribed  Lithonine  Sponge,  and 
that  sponges  of  this  group  have  not  hitherto  been  noted  from  the 
Lower  Greensand. 

Greatly  exceeding  the  sponges  in  numbers,  in  species,  and 
possibly  even  in  total  bulk,  are  the  Bryozoa.  These  minute 
oiganisms  occur  both  as  free  twig-like  objects  and  also  as 
encrustations  on  sponges,  shells,  pebbles,  and  even  on  the  free- 
growing  Bryozoa,  hardly  any  suitable  surface  being  exempt  from 
their  growth.  Sharpe  and  Davey  have  published  lists  of  the 
species,  many  of  which  they  have  identified  with  foreign  forms 
from  other  horizons,  but  their  nomenclature  is  sadly  in  need  of 
revision.  Dr.  J.  W.  Gregory  has  done  something  towards  this  in 
his  British  Museum  Catalogue,  but,  unfortunately,  the  poverty  in 
Faringdon  specimens  of  the  collection  at  South  Kensington 
caused  several  species  to  be  omitted  from  that  work.  Mr.  W.  D. 
Lang  has  identified  one  of  the  common  smaller  forms  as  Sipho- 
dictyum  graciUy  a  species  recorded  from  the  Lower  Aptian  of 
Atherfield  and  the  Upper  Aptian  of  Folkestone. 

The  fossils  most  sought  after  by  collectors  are  probably  the 
Echinoderms.  Of  these,  many  remains  of  Cidaris  are  found, 
but  always  as  detached  plates  and  spines.  They  are  all  usually 
assigned  to  Cidaris  Faringdonensis^  but  there  appears  to  be 
another  species  present,  the  spines  of  which  differ  from  those  of 
C  Faringdonetisis  by  the  absence  of  the  long,  smooth  neck  which 
characterises  that  form  and  they  rather  resemble  those  of  C. 
pretiosa. 

The  commonest  Echinoderm  is  the  Peltasies^  of  which  several 
species  have  been  recorded,  but  after  examining  some  hundreds 
of  specimens  the  Director  is  of  opinion  that  although  in- 
dividuals may  be  found  which  appear  to  differ  almost  speci- 
fically from  each  other  yet  the  majority  are  intermediate  forms, 
and  as  these  cannot  be  ignored  it  is  not  very  easy  to  draw  a 
hard  and  fast  line  between  one  so-called  species  and  other.  He 
therefore  prefers  to  call  them  all  varieties  of  Peltastes  Wrighiii, 
At  the  same  time  it  should  be  remembered  that  nearly  all 
the  specimens  are  so  much  encrusted  and  so  difficult  to  clean 
that  their  finer  details  cannot  always  be  made  out.  Among 
those  recently  discovered  are  two  which,  although  in  general 
appearance  much  like  Peltastes^  yet  have  the  apical  system  of  a 
true  Saienia,  Dr.  F.  A.  Bather,  who  has  kindly  cxanuned  them, 
Paoc.  Geol.  Assoc,  Vol.  XX,  Paut  j,  1907  ]  9 
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thinks  they  are  nearly  allied  to  Salenia  gibba.  Another 
Echinoderm,  which  may  be  noticed  here,  is  one  of  which  Dr. 
Bather  says  ;  "It  is  probably  one  of  the  PygasieridcR  allied 
to  Pygaster  or  Pileus,  I  have  not  as  yet  found  the  species 
described." 

Other  fossils  include  the  Brachiopods,  which  are  fairly 
numerous  and  have  usually  been  relied  on  for  the  determination 
of  the  age  of  the  deposit.  Lamellibranchs,  except  those  of 
the  Ostrea  family,  are  not  common,  and  Gasteropods  are  almost 
entirely  wanting. 

In  the  short  time  at  their  disposal  the  members  were 
fortunate  enough  to  obtain  examples  of  most  of  the  characteristic 
fossils,  including  a  good  number  of  teeth  and  bones  of  Saurians 
and  Fishes. 

By  kind  permission  of  Mrs.  Roberts  the  party  then  took  a 
short  cut  across  some  cornfields  to  a  pit  on  the  eastern  slope 
of  the  ridge,  in  what  is  known  as  the  Red-gravel.  This  material 
is  of  a  darker  colour  than  the  Sponge-gravel  proper,  owing  to  the 
presence  of  a  thin  film  of  iron  covering  each  of  its  constituent 
parts,  and  giving  some  of  the  larger  fossils  a  curious  velvety 
appearance.  The  sand  is  coarser  and  pebbles  are  more 
abundant,  but  except  in  the  numerical  proportion  of  the  organic 
remains  there  does  not  appear  to  be  any  palseontological  differ- 
ence between  the  two  deposits,  the  only  fossil  peculiar  to  the 
Red-gravel  being  the  Echinoderm  Trematopy^us  Davidsoni, 
The  large  KautUus^  long  supposed  to  occur  only  in  this  pit,  has 
been  noticed  by  the  Director  at  least  twice  in  the  "  Windmill " 
pit.  The  Red-gravel  is  generally  considered  to  overlie  the 
Sponge-gravel,  but  this  is  open  to  doubt,  and  probably  nothing 
short  of  a  deep  cutting  joining  the  main  excavations  would 
definitely  settle  the  matter.  Near  the  top  of  the  Red-gravel  in 
this  pit  are  some  layers  of  a  lighter  colour  and  looser  texture 
than  the  rest  of  the  material,  a  fact  which  is  even  more  notice- 
able in  a  small  pit  farther  to  the  east  across  some  fields,  to 
which  time  would  not  allow  of  a  visit. 

Mr.  Hunt,  who  works  the  Red-gravel  pit,  had  most  kindly 
reserved  his  recent  finds  specially  for  this  occasion,  so  that  the 
members  were  able  to  secure  some  fine  specimens  of  the  large 
Nautilus^  together  with  various  sponges  and  other  fossils,  in- 
cluding two  internal  casts  of  a  large  Pleurotomaria  and  one  valve 
of  a  SpondyluSy  which  Mr.  R.  B.  Newton  thinks  is  near  to  the 
Spondylus  Brunneri  of  Pictet  and  Roux,  recorded  from  the 
Aptian  of  Switzerland. 

The  heavily-laden  party  then  returned  by  Sand  Lane  to 
Faringdon  for  tea,  after  which  the  President,  in  proposing  a  vote 
of  thanks  to  the  Director,  remarked  that  they  had  proved  it 
possible  to  make  a  one  day's  excursion  to  Faringdon  successful, 
and  he  hoped  that,  although  it  was  fifteen  years  since  their  last 
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visit,  it  would  not  be  so  long  before  the  Association  again  visited 
that  interesting  district. 

The  members  then  dispersed  to  their  various  destinations,  the 
railway  party  leaving  by  the  6.0  train. 
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EXCURSION  TO  CRAYFORD  AND   DARTFORD 
HEATH. 

Saturday,  May  iith,  1907. 

Directors  :  R.  H.  Chandler  and  A.  L.  Lbach. 

Excursion  Secretary :  A.  C.  Young,  F.C.S., 

(^Rtp0ri  by  THE  DIRECTORS.) 

The  party,  49  in  number,  met  at  Crayford  Station  at  3  p.m., 
and  walked  towards  the  great  gravel  pit  at  Wansant  on  the 
northern  edge  of  Dartford  Heath.  Near  the  railway  the  Chalk 
was  noted,  overlain  by  re-sorted  Thanet  Sand,  and  higher  up  the 
hillside  the  Thanet  Sand  was  seen  in  sitH  just  below  the  working 
floor  of  the  pit.  A  small  patch  of  Tertiary  pebbles,  resting  on 
the  Thanet,  appears  to  be  the  remnant  of  a  drift  derived  as  "  run 
of  the  hill,**  from  the  high  ground  west  of  the  Heath. 

The  Directors  made  the  following  remarks  on  the  position 
and  constituents  of  the  Dartford  Heath  drifts. 

Dartford  Heath  lies  near  the  foot  of  the  northern  dip-slope 
of  the  Chalk,  and  in  the  angle  between  the  rivers  Cray  and 
Darent,  which  unite  before  entering  the  Thames.  The  Heath 
is  thus  well  within  the  basin  of  the  Thames,  and  is  distant  only 
two  miles  from  the  present  course  of  that  river.  The  drift 
deposits,  which  include  sands,  gravels,  and  brick-earths,  rest  at 
from  85  to  100  ft.  O.D.  on  Thanet  Sand  or,  where  this  has  been 
entirely  removed  by  denudation,  upon  the  Chalk. 

Wansant  pit  shows  no  brick- earth,  but  false-bedded  sands 
and  gravels  upwards  of  40  ft.  thick,  resting  on  Thanet  Sand  at 
90  ft.  O.D.  The  top  layer  of  gravel— "  Dartford  Heath  gravel*' 
of  commerce — consists  chiefly  of  sub-angular  flints  in  a  stiff 
clayey  matrix,  and  rests  on  a  more  or  less  uneven  surface  of 
the  false-bedded  sands.  The  deposits  appear  to  be  fluviatile 
drifts  lying  at  the  same  level  as  the  Swanscombe  and  Galley  Hill 
gravel  spreads;  contemporaneous  and,  originally,  continuous  with 
them,  but  now  separated  from  them  by  the  subsequent  erosion 
of  the  Darent  vsdley.  Dartford  Heath  thus  belongs  to  the 
highest  terrace  that  can  be  definitely  associated  with  the  drainage 
system  of  the  present  Thames. 

The  Thames,  Darent,  and  Cray  have  all  contributed  material 
to  this  deposit,  and  the  influence  of  the  Thames  is  very 
strongly  shown  by  the  presence  of  many  erratics,  which  may 
be  traced  to  the  glacial  gravels,  boulder-clays,  and  high  level 
gravels  of  the  Upper  Thames  Valley,  and  thence  into  the 
Midlands  and  West  of  England.  Excluding  the  flints,  which 
form  the  bulk  of  the  gravels,  the  rocks  fall  into  two  groups. 
(A)  Rocks  brought  down  by  the  Thames :  these  include  the 
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spotted  and  liver-coloured  "  Bunter  "  quartzites ;  Crinoidal  chert 
(Carboniferous) ;  "  Rhaxella "  chert  (Oolitic) ;  Radiolarian  and 
reticulated  cherts  (Bunter);  "Tourmaline"  grits  (West  of 
England);  Hertfordshire  "pudding-stone";  large  Sarsens ;  pink 
granites ;  quartz  mica  schist ;  vein  quartz ;  and  various  weathered 
igneous  rocks  and  altered  sedimentary  rocks. 

NoTB— Mr.  1.  Vincent  Elsden.  B.Sc.,  F.G.S.,  writes  as  follows  on  some  sections  of 
pebbles  ficom  A^uuant.  sabmltted  to  him : 

"  Dr.  Salter  and  I  have  looked  at  the  specimens,  which  are  sediments  more  or  less 
ahered.  The  tourmaline  ntu  and  the  radiolarian  cherts  may  have  come  originally 
from  Che  S.-W.  of  England.  The  so-called  radiolarian  cherts  are  a  little  uncertain,  as 
such  rocks  often  are. 

(i)  FIne-crained  sandstone,  infiltrated  with  veins  of  quarts  full  of  tourmaline  medUs— 
Che  so-called  '*  Courmallne  gric."  Possibly  a  meCamorphosed  sedimenC  from  near  an 
Igneous  contact. 

(2)  A  silicified  sedimentary  rock,  chiefly  made  up  of  areas  filled  with  a  fine-grained 
quaru  mosaic,  separated  by  irregular  patchy  oi  amorphous,  possibly  argillaceous, 
material.    The  structure  is  only  visible  under  crossed  Nicols. 

(})  Silicified  sedimentary  rock,  showing  structure  somewhat  resembling  some 
radiolarian  cherts  (see  s).    Sedimentary  origin. 

(4)  Apparently  an  lUtered  sediment,  consisting  of  alternating  laminae  of  silica  and 
amorphaut  matter.  Pronounced  by  Dr.  Salter  to  be  probably  a  pebble  from  the 
Bonier. 

(5)  Reticuiattd  cktrt^  recognised  by  Dr  Salter  as  similar  to  some  in  which  Dr.  Hind^ 
reccHsniaed  radiolarian  structures.  These  consist  of  ovoid  patches  of  paler  tint,  some 
of  which  may  be  noticed  in  the  specimen.    Possibly  a  pebble  of  Bunter  origin. 

(B)  Rocks  brought  down  by  the  Darent :  Chert  (L.G.S.); 
Lydian  stone;  micaceous  and  ferruginous  sandstones,  grits, 
Carstone,  and  decalcified  "  Kentish  Rag "  (Lower  Greensand) ; 
Tertiary  ironstone  concretions  and  shelly  conglomerates  (Wool- 
wich and  Blackheath  Beds);  vein  quartz  and  pale  quartzites. 
With  reference  to  these  last,  it  may  be  noted  that  ovoid  grey 
quartzites  occur  in  the  Tertiary  Beds  at  Worm's  Heath,  whence 
the  Darent  probably  derived  some  of  its  Tertiary  material. 

Many  of  the  rocks  under  (B)  may  have  been  in  part  brought 
by  the  Thames,  since  the  Lower  Greensand  chert  occurs  in  high 
level  drifts  of  the  Upper  Thames  basin. 

In  addition  to  the  casts,  in  flint,  of  Chalk  fossils,  the  gravel 
contains  many  fossiliferous  pebbles.  Mr.  E.  T.  Newton  identified 
the  following  species  in  pebbles  collected  by  the  Directors : 

Rhaxella  perforata^  Cerithium  sp.,  Proiocardium  sp.,  Corbula^ 
Pecten  sp.,  Serpula  Mragona.^  Astarte  sp. ;  these  all  occur  in 
"  Rhaxella  chert "  (Middle  Oolites). 

Crinoid  ossicles,  Praductus  ntan  punctaius  (Carboniferous). 

Productus  sp.  (spined),  Modiola  sp.,  Bellerophon  (?),  Gonia- 
tites  (?),  Cyrtoceras  (?),  and  a  Euomphaloid  (}asteropod  in 
quartzose  rock  of  Carboniferous  Limestone  age. 

•  Chonetts  laguessiana  (Carboniferous  Limestone)  and 
*  Ammonites  [Cardioceras]  cordatus  (Oxford  Clay  or  Coral 
Rag). 

The  most  interesting  Chalk  fossil  was  a  cast,  in  flint,  of  the 
head  of  Baurgueticrinus^  showing  casts  of  the  internal  cavities  and 
tubes. 

*  The  fMiUt  marlMd  thus  were  found  by  members  of  the  party  in  Wanaant  pit. 
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With  reference  to  Pleistocene  fossils  from  Dartford  Heath  little 
can  be  said.  Some  leg  bones  of  mammoth  were  obtained  about 
two  years  ago  in  Wansant,  but  no  shells  are  known  to  occur. 
The  corresponding  gravels  at  Dartford  Brent  and  Swanscombe 
have  yielded  an  abundant  fauna,  among  which  may  be  noted  the 
human  remains  found  at  Galley  Hill  in  1888.  Implements  are 
also  rare  in  the  Dartford  Heath  drifts,  and  those  which  occur  are 
generally  much  abraded  and  apparently  have  been  derived  from 
the  older  **  Plateau  "  drifts. 

The  history  of  the  Dartford  Heath  deposits  may  be  briefly 
stated.  The  gravels  and  sands  were  laid  down  near  the  junction 
of  the  Darent  and  Thames  when  these  rivers  flowed  nearly  90  ft. 
above  their  present  level.  The  gravel  consists  partly  of 
Cretaceous  and  Wealden  material  and  partly  of  erratics  which 
have  travelled  down  the  Thames  from  older  deposits  in  the 
upper  Thames  Valley.  During  a  period  of  erosion  brought  about 
probably  by  slow  earth  movements,  the  rivers  cut  through  their 
old  deposits  and  sub-aerial  denudation  removed  the  sides  of  the 
ancient  valley.  Much  of  the  material  was  re-deposited  at  a  lower 
level,  forming  the  well  known  gravels  and  brick-earths  of  Crayford. 

Mr.  E.  T.  Newton  made  some  remarks  on  the  fossiliferous 
pebbles.  The  party  then  searched  the  pit  for  rocks  and  fossils. 
Some  interesting  specimens  were  obtained,  notably  the  fragment 
of  Cardioceras,  also  '' Rhaxel/a  Chert"  and  one  specimen  of 
Chonetes  laguessiana  beautifully  preserved  in  Carboniferous  chert. 
A  "  borer"  of  the  "  Plateau  '  type  was  found  by  Mr.  M.  C.  Hey?, 
and  a  few  other  slightly  worked  and  abraded  flints  were  picked 
up. 

Since  the  excursion  the  Directors  have  found  several  speci- 
mens of  pure  white  Rhaxella  Chert. 

Along  the  edge  of  the  pit  the  Directors  indicated  some 
V-shaped  trenches  full  of  disturbed  gravel  in  which  calcined  flints 
and  bones  occur ;  close  by,  but  unfortunately  destroyed  just 
before  the  visit  of  the  Association,  was  a  **  hearth  "  in  which  they 
obtained  coarse  pottery,  charcoal  and  "  pot-boilers."  Several 
trenches  and  **  hearths  "  have  been  discovered  as  the  working- 
face  of  the  pit  has  been  cut  back.  Some  fragments  of  pottery 
and  bones  recently  obtained  were  sent  up  by  the  proprietor  of  the 
pit,  but  unfortunately  the  bearer  failed  to  notice  the  party  in 
time.  Mr.  A.  S.  Kennard,  who  examined  the  specimens  later  in 
the  afternoon,  identified  the  pottery  as  of  "  Early  Iron "  or 
possibly  "  Bronze  "  age.  It  is  therefore  probably  of  the  same 
period  as  certain  gold  ornaments  found  in  the  adjacent  pit. 

Leaving  Wansant  pit,  the  party  entered  Messrs.  T.  and  F. 
Martin's  pit  where,  in  a  railway  cutting,  the  Drift  was  seen  resting 
on  a  fairly  level  surface  of  Thanet  Sand.  The  western  end  of  the 
cutting  showed  the  drift  trailed  down  over  a  hill-slope  of  Thanet 
Sand. 
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On  the  southern  face  of  this  pit  was  seen  the  V-shaped  trench 
(7  ft.  wide  and  5  ft.  deep)  from  which  nine  gold  armlets  were 
recently  obtained.  Since  the  first  discovery  of  gold  ornaments 
in  1906,  the  trench  has  been  cut  back  some  20  yards,  and  it  still 
runs  an  unknown  distance  towards  the  open  Heath.  Mr.  C.  H, 
Reed,  of  the  British  Museum,  kindly  informs  the  Directors  that 
the  armlets  are  "  certainly  of  Bronze  Age — between,  say  500-1,000 
B.C." 

The  party  now  walked  across  the  Heath,  passing  a  pond  held 
up  by  brickearth  and  noting  a  line  of  mounds  which  may 
have  been  thrown  up  in  1779-80,  when  a  military  camp  of  8,000 
men  was  formed  on  the  Heath.  Some  of  the  mounds  look  like 
burial  tumps,  but  Mr.  Spurrell,  who  opened  several  of  them,  found 
nothing  in  them.  The  occurrence  of  neolithic  implements  in 
their  neighbourhood  and  the  proximity  of  the  "  hearths  "  and 
"  gold  ornament  trenches  "  suggest  a  connection  between  at  least 
some  of  the  mounds  and  the  prehistoric  settlement  which 
existed  on  the  Heath. 

In  Dartford  Heath  Brickyard  thinly-bedded  brickearth, 
waved  and  slightly  contorted,  rests  directly  on  Thanet  Sand  at 
about  95  O.D.  In  Wood's  pit  (across  the  road)  some  6  ft.  of 
brickearth  has  been  removed  over  a  large  area,  leaving  about 
10  ft.  of  gravels  and  strongly  false-bedded  sands,  which  are 
separated  from  the  underlying  Thanet  Sand  by  a  bed  of  hard 
ferruginous  sand.  The  brickearth  also  formerly  lay  to  a  great 
thickness  in  a  trough-shaped  hollow  beside  the  pit.  Two 
palaeoliths  from  this  pit  were  exhibited  ;  Mr.  A.  S.  Kennard  pro- 
nounced one  of  the  "  Rockshelter  "  type  ;  the  other  was  perhaps 
derived  from  an  older  drift. 

On  the  way  into  Dartford  two  pits  were  omitted  as  time  ran 
short.  The  last  pit  visited  (100  ft.  O.D.)  showed  the  drift  resting 
on  a  "  bull-head  "  containing  huge  chalk-flints.  The  base  of  the 
drift  here  consists  of  Tertiary  pebbles. 

A  curious  "  pipe  "  in  the  drift  was  hastily  examined,  and  the 
President  having  moved  a  vote  of  thanks  to  the  Directors,  the 
walk  into  Dartford  was  resumed.  Tea  was  obtained  at  the 
"Bull  "  and  the  party  left  by  the  7.32  p.m.  train. 

The  Directors  wish  to  express  their  thanks  to  Mr.  E.  T. 
Newton  for  identifying  the  "derived"  fossils  and  for  his  note 
on  the  Amgrove  stone ;  to  Mr.  J.  Vincent  Elsden  and  Dr.  A.  E. 
Salter  for  their  notes  on  the  rock  sections ;  and  to  Messrs. 
D.  T.  Corke,  T.  and  F.  Martin,  and  Wood  for  permission  to 
conduct  the  Association  through  their  gravel  pits. 
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NOTE  ON  SPEOMENS  OF"RHAXELLA  CHERT"  OR 
"ARNGRO^'E  STONE"  FROM  DARTFORD  HEATH. 

By  E.  T.  NEWTON.  F.R.S..  F.G.S. 
{Ra^  M  tiu  WtMMstuii  Pit^  Crmyford,  May  iitk,  1907). 

Among  the  fragments  of  vaurious  rocks  containing  fossils  received 
from  Mr.  A.  L.  Leach  and  Mr.  R.  H.  Chandler,  which  they  had 
collected  from  the  Dartford  Heath  gravel,  there  are  three 
examples  of  a  porous  cherty  rock  which  were  not  easily  identi- 
fiable. These  three  are  similar  in  structure  and  may  be  pieces 
of  the  same  pebble.  The  rock  is  pitted  more  or  less  closely  with 
minute  holes,  as  if  made  with  a  pin-point,  which  need  a  hand 
lens  to  be  distinguished.  Besides  the  pittings,  fragments  of 
AmmomUs  (f  Perisphinctes)  are  to  be  seen,  as  well  as  Ctrithium^ 
Protomrdium^  Carbuia^  Pecten  and  Setpula  ieiragona.  It  was 
at  once  obvious  that,  if  the  last-named  fossil  were  correctly 
identified,  this  chert  must  be  of  Oolite  age.  My  friend  and  col- 
league, Mr.  H.  B.  Woodward,  to  whom  1  showed  the  specimens, 
reminded  me  of  the  paper  just  published  in  the  Quart,  /ourn. 
GtoL  So€.^  by  Mr.  Morley  Davies,  on  "  The  Kimeridge  Clay  and 
Corallian  Rocks  of  the  neighbourhood  of  Brill  (Buckingham- 
shire)," and  showed  me  specimens  of  the  **  Arngrovc  Stone " 
which  he  had  himself  collected  recently  in  that  locality.  The 
similarity  of  the  **  Arngrove  Stone  "  or  "  Rhaxella  Chert,"  which  is 
of  Corallian  Age,  to  these  Dartford  Heath  pebbles  was  soon 
apparent,  for  there  could  be  little  doubt  about  the  fine  pittin^s 
that  had  attracted  attention,  being  of  the  same  nature  as  those 
attributed  to  the  spicules  of  the  sponge  Rhaxella,  Having 
arrived  at  this  point,  there  seemed  little  reason  for  hesitation 
in  regarding  these  particular  cherty  pebbles  of  Dartford  Heath 
as  having  been  derived  from  the  neighourhood  of  Arngrove, 
where  the  same  rock  appeared  to  be  in  situ. 

Being  anxious  to  obtain  additional  evidence,  especially  as  to 
the  fauna  of  these  pebbles,  I  consulted  Dr.  Salter,  and  among 
his  large  collection  of  Drift  pebbles  found  some  pieces  exactly 
resembling  those  from  Dartford  Heath,  and  containing  similar 
fossils  with  the  2idd\i\ono{  Ammonites  {Quenstedticeras)  lMml*erti  ; 
but  these  specimens  were  obtained  from  the  1  )rift  near  Cromer, 
and  could  hardly,  therefore,  have  come  by  natural  means  from 
Buckinghamshire. 

Mr.  Morley  Davies,  in  his  paper  above  alluded  to,  points  out 
that  the  "  Arngrove  Stone  "  is  similar  to  the  Yorkshire  rock  which 
was  described  by  Dr.  Sorby  in  1851,  and  in  which  he  had 
noticed  the  rounded  bodies  that  afterwards,  in  1890,  were 
described  by  Dr.  G.  J.  Hinde,  and  named  by  him  Rhaxella 
ptrjorata.  Specimens  of  Lower  Calcareous  Grit  from  Yorkshire, 
in  the  Jermyn  Street  Museum,  were  found  to  contain  these 
Rhaxella  spicules,  and  the  colour  and  texture  of  the  rock  was 
pRoc.  Geol.  Assoc.,  Vol.  XX,  Part  2,  1907.]  10 
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like  some  examples  from  Arngrove,  but  were  not  the  same 
colour  as  those  from  Dartford  Heath  and  Cromer  (/>.,  ferru- 
ginous buff).  Subsequently,  Dr.  G.  J.  Hinde  very  kindly  sent 
me  examples  of  **  Rhaxella  Chert "  from  Scarborough,  and  one  of 
these  agreed  in  colour  and  texture  with  our  specimens.  It  is 
now  clear  that  a  "  Rhaxella  Chert "  of  Lower  Calcareous  Grit 
age  occurs  at  Scarborough  and  also  at  Arngrove  ;  and  that  both 
these  cherts  are  so  like  these  pebbles  from  Dartford  Heath  and 
Cromer  that  hand  specimens  cannot  be  distinguished. 

It  seems  probable,  therefore,  that  the  Cromer  specimens  of 
"  Rhaxella  Chert "  were  derived  from  Yorkshire;  and  it  may  be  that 
the  Dartford  Heath  specimens  were  brought  southward  by  the 
"  Drift "  from  the  same  place ;  but  it  will  probably  be  thought 
more  likely  that  the  latter  specimens  are  examples  of  "  Arngrove 
Stone,"  which  have  travelled  eastward  along  the  ancient  Thames 
valley. 
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L— INTRODUCTION. 

THE  geolc^cal  structure  of  the  Appleby  District  is  of  par- 
ticular interest,  for  it  determines  one  of  the  dominant 
physical  features  of  our  island — namely  the  Pennine  Chain  or 
Backbone  of  England. 

The  country  immediately  around  Appleby  forms  compara- 
tively low  ground,  between  the  heights  of  the  Lake  District  to 
the  west  and  the  Pennine  scarp  to  the  east.  Through  this  low 
ground  runs  the  river  Eden,  and  this  low  country  has  been 
termed  Edenside  by  the  late  Mr.  Goodchild. 

The  general  position  of  Edenside  is  shown  on  the  accom- 
panying map  (Plate  II)  by  the  stippled  portion  of  New  Red  Sand- 
stone extending  in  aN.N.W.  direction  from  Kirkby  Stephen,  past 
Appleby,  to  within  a  few  miles  of  the  city  of  Carlisle,  where  it 
passes  into  the  north-Cumbrian  plain  lying  east  of  the  Solway. 

The  map,  Plate  II  (by  the  late  J.  G.  Goodchild),  also  shows 
the  distribution  of  the  principal  geological  formations. 

Edenside  is  geologically  a  syncline  between  the  Lake 
District  anticline  to  the  west  and  the  Pennine  anticline  to  the 
i^oc  Geol.  Assoc,  Vol.  XX,  Part  3,  1907.]  11 
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east,  but  the  eastern  limb  of  the 
syncline  is  cut  off  by  the  principal 
Pennine  fault,  and  accordingly  we 
find,  apart  from  detail,  a  repetition 
of  the  rock -groups  which  occur  to 
the  west  of  the  fault  on  its  eastern 
side,  and  the  general  dip  is  in  an 
easterly  direction,  save  in  the 
case  of  the  highly  convoluted 
Lower  Palaeozoic  rocks. 

Standing  on  a  prominent 
height  near  Appleby,  we  see  to 
the  west  the  Lake  District 
hills  of  Lower  Palaeozoic  rocks ; 
nearer  are  the  hills  between 
Shap  and  Penrith,  formed  by  the 
overlying  Carboniferous  strata ; 
and  the  ground  on  which  we 
stand  consists  of  the  yet  more 
recent  New  Red  Sandstone. 

Turning  to  the  east  the  posi- 
tion of  the  important  Pennine 
Fault  is  shown  by  the  sudden 
rise  of  the  great  Pennine  scarp 
with  the  Lower  Palaeozoic  hills 
of  conical  shape  in  the  fore- 
ground. The  fault  runs  between 
the  latter  and  the  New  Red 
Sandstone. 

If  we  crossed  over  the  Pen- 
nine Chain  we  should  reach  the 
New  Red  Sandstone  of  the  tract 
around  the  mouth  of  the  Tees, 
thus  traversing  between  the  fault 
and  Tees-mouth  the  same  rocks 
over  which  we  pass  when  walk- 
ing from  the  eastern  confines  of 
the  Lake  District,  past  Shap 
and  Appleby,  to  the  Pennine 
Fault.  The  Section  (Fig.  13), 
in  which  details  are  omitted, 
shows  the  general  lie  of  the 
rocks  to  the  summit  of  the 
Pennine  Chain. 

The  stratified  rocks  will  be 
described  in  the  order  of  their 
antiquity,  beginning  with  the 
most  ancient. 
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The  Geological  Deposits  found  in  the  Appleby  District. 


Quaternary  < 


Mesozoic 


I 


Upper 
pal.eozoic 


Recent  (Alluvium  peat,  etc.). 
Glacial  (boulder  clay,  sand,  and  gravel). 
C  St.  Bees  Sandstone. 
Gypseous     Sandstones     and 

Marls. 
Magnesian     Limestone    and 

Plant  Beds. 
Upper  Penrith  Sandstone. 
Upper  Brockram. 
Lower  Penrith  Sandstone. 
Lower  Brockram. 
Millstone  Grit. 
Carboniferous     Limestone 

Series. 
Sandstones,  shales,  and  con- 
glomerates. 
Old  Red  Sandstone  (Polygenetic  conglomerate). 


Trias 


Permian 


Carboniferous 


Lower 
pal.eozoic 


Silurian 


Ordovician 


Brathay  Flags. 
Stockdale  Shales. 
Ashgill  Shales. 
Staurocephalus    and    Keisley 

limestones. 
Dufton  Shales. 
Corona  beds. 

Borrowdale  Volcanic  rocks. 
Skiddaw  Slates  with  Milburn 

Volcanic  rocks. 


IL— THE     LOWER     PAL.*:OZOIC     ROCKS. 

The  Lower  Palaeozoic  Rocks  occur  in  an  inlier  to  the  east  of 
Edenside  (seethe  Map,  Plate  II, and  Section, Fig.  13), extending  in 
a  direction  nearly  north  and  south  from  the  neighbourhood  of 
Melmerby  to  the  western  flanks  of  Roman  Fell,  having  an  average 
width  of  about  a  mile.  On  the  west  they  are  separated  from  the 
New  Red  Sandstone,  as  already  stated,  by  a  great  fault,  in  many 
respects  the  most  important  in  the  district.  This  has  generally 
been  spoken  of  as  the  Pennine  Fault,  but  the  Geological  Surveyors 
term  it  the  Outer  Pennine  Fault,  giving  the  terms  Inner  Pennine 
Fault  and  Middle  Pennine  Fault  to  two  other  faults  which  we  will 
now  notice.  The  inner  fault  on  the  whole  separates  the  Lower 
Palaeozoic  rocks  from  the  Carboniferous  rocks  of  the  great 
escarpment,  though  a  few  patches  of  Lower  Palaeozoic  rocks 
occur  to  the  east  of  it  in  one  or  two  valley  bottoms,  and  the 
Carboniferous  rocks  on  the  top  of  Roman  Fell  are  on  its  western 
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side.  Its  throw  is  not  very  great.  The  Middle  Fault  along  the 
greater  part  of  its  course  divides  two  groups  of  Lower  Palaeozoic 
strata,  the  older  lying  to  the  east,  and  the  newer  to  the  west  of 
the  fault-line.  Section  (Fig.  14)  shows  the  effects  of  the  three 
faults. 

(i)  The  Skiddaw  Slates. — Along  the  strip  of  country  between 
Melmerby  and  Roman  Fell,  bounded  by  the  middle  and  inner 
Pennine  faults,  occur  rocks  which  are  correlated  with  the 
Skiddaw  Slates  of  the  Lake  District.  They  consist  chiefly  of 
glossy  black  or  greyish  badly-cleaved  slates  with  thin  grit 
bands.  In  a  few  places,  as  at  EUergill,  are  more  earthy  shales 
with  Graptolites  These,  which  are  apparently  newer  than  the 
main-mass  of  slates,  are  of  Arenig  age.  The  main-mass  may 
be  partly  Arenig  and  partly  of  older  date,  but  in  the  genersd 
absence  of  fossils  little  need  be  said  concerning  it,  for  we 
shall  pay  little  attention   to   its    rocks  during  the   excursion. 


w. 


Fig.  14 — Section  Across  the  Pennine  P'ault. — j.  E,  Afarr, 
Length  of  Section  about  2  miles. 

1.  Skiddaw  Slates.  Fi.  Outer  Fault. 

2.  Upper  Ordovician  and  Silurian.  F2    Middle  Fault. 

3.  Carboniferous.  F3.  inner  Fault. 

4.  New  Red  Sandstone. 


Above  the  EUergill  Beds  are  graptolite-bearing  shales  with 
intercalated  ashes  and  lavas,  marking  the  change  from  the 
non-volcanic  Skiddaw  Slates  to  the  volcanic  Borrowdale  Rocks. 
These  were  called  the  Milburn  beds  by  the  late  Mr.  Goodchild. 
Certain  volcanic  rocks  at  the  north-west  corner  of  Roman 
Fell  may  be  of  the  same  age  as  the  Milburn  beds. 

(2)  The  Borrmvdale  Volcanic  Rocks  (Llandeilo.) — Near  the 
northern  extremity  of  the  inlier,  and  still  between  the  middle  and 
inner  faults,  is  a  group  of  contemporaneous  porphyritic  and 
vesicular  basic  andesites  and  ashes  which  are  undoubtedly  the 
equivalents  of  the  well-known  Eycott  Hill  rocks,  north-east  of 
Keswick ;  the  latter  occur  some  way  down  in  the  Borrowdale 
Series. 

The  highest  rocks  of  the  Borrowdale  Series  are  found  in  the 
block  between  the  middle  and  outer  faults,  and  pass  up  into  the 
higher  Ordovician  sediments.  They  consist  of  rhyolites  and 
rhyolitic  ashes,  and  form  several  of  the  conical  hills  of  the  inHer, 
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including  Knock  Pike  and  Dufton  Pike.  On  these  Pikes  they 
are  usually  ver>*  rotten,  and  the  best  exposures  are  found  in  the 
stream-courses,  especially  in  Swindale  Beck,  where  one  of  the 
hvas  is  of  great  interest.  It  is  described  by  Mr.  Marker  as  an 
"eutaxitic"  rock  with  discontinuous  bands  of  crystalline 
character  consisting  of  clear  felspar  quartz  and  decomposition 
products.  It  has  caught  up  fragments  of  an  earlier  Andesitic 
lava,  and  the  flow-lines  stream  around  these  fragments.  The 
highest  bed  of  this  series  in  Swindale  Beck  is  an  ash  which  is 
immediately  succeeded  by  fossiliferous  deposits,  themselves 
containing  ashy  material. 

The  rhyolitic  group  of  the  inlier  is  quite  comparable  with 
that  which  forms  the  summit  of  the  Borrowdale  Series  in  the 
Lake  District.  The  general  strike  of  these  and  the  succeeding 
rocks  is  W.N.W.  and  E.S.E.,  but  they  are  repeated  several  times 
owing  to  faults  which  cross  from  the  outer  to  the  middle  Pennine 
faults  with  a  general  N.E.  and  S.W.  trend.  These  cross-faults 
produce  five  main  blocks  of  strata,  one  at  the  extreme  northerly 
end  of  the  inlier  north-east  of  Melmerby,  the  second  with  Knock 
Pike  and  Swindale  Beck,  the  third  with  Dufton  Pike,  Pusgill, 
etc,  the  fourth  with  Gregory  and  Keisley,  and  the  fifth  with 
Roman  Fell  and  part  of  Hilton  Beck.  Each  of  these  blocks 
displays  the  rhyolitic  series. 

(3)  The  Corona  Beds. — These  consist  of  ashy  calcareous 
shales,  and  argillaceous  limestones,  the  latter  sometimes  largely 
composed  of  Beyrichia,  The  beds  are  seen  in  their  proper 
position  in  Swindale  between  the  rhyolitic  series  and  the  over- 
lying Dufton  Shales,  but  the  most  fossiliferous  localities  are  the 
Alston  Moor  Road  near  Melmerby,  Pusgill,  and  the  flanks  of 
Roman  Fell.  In  addition  to  the  type  fossil  Trematis  corona^ 
Lingula  tenuigranulata  seems  to  be  confined  to  this  group.  The 
beds  are  probably  of  Lower  Caradoc  age. 

(4)  The  Dufton  Shales, — Dark  grey  or  black  cleaved  shales 
with  much  calcareous  matter,  and  thin  bands  of  limestone, 
greatly  folded,  so  that  no  accurate  estimate  of  thickness  can  be 
made,  but  they  are  probably  not  more  than  500  ft.  thick.  They 
are  usually  very  fossiliferous,  with  a  marked  upper  Caradoc 
fauna  including  Calymene  senaria,  Cybele  verrucosa^  Trinudeus 
seticomis,  Orthis  testudinaria.  The  best  fossiliferous  localities 
are  Swindale,  Pusgill,  Hurning  Lane,  and  Billy's  Beck. 

(5)  Keisley  and  Staurocephalus  Limestones. — White,  grey,  and 
pink  limestone  with  olive  green  argillaceous  limestones  and 
greenish  shales  intercalated.  In  Swindale  Beck  the  grey 
Umestones  are  sparsely  fossiliferous,  though  the  argillaceous 
limestones  contain  abundant  fossils.  In  the  Keisley  Block  the 
grey,  pink  and  white  limestones  are  often  crystalline  and  very 
fossiliferous.  The  fauna,  which  is  of  great  interest,  has  been 
made  the  subject  of  a  paper  by  Mr.  Cowper  Reed  (see  list  and 
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references  at  end).  The  limestones  are  of  Lower  Ashgillian  age. 
Considerable  attention  will  be  paid  to  the  development  of  the 
limestones  in  the  Keisley  Quarries. 

(6)  Ashgill  Shales. —  Leaden  grey  shales  of  Upper  Ashgillian 
age  succeed  the  Keisley  Limestone  of  Swindale.  They  contain 
the  characteristic  Strophomena  (?)  siluriana  and  Phacops  {Dalman- 
nites)  mucronatus.  They  form  the  highest  Ordovician  strata  of 
the  area, 

(7)  Lower  Siockdale  Shales  ( Skelgill Beds ), — The  relationship 
between  the  highest  Ordovician  and  the  lowest  Silurian  strata 
is  nowhere  shown  in  the  inlier,  as  a  fault  always  separates 
them.  In  the  adjacent  Lake  District  the  Skelgill  Beds  succeed 
the  Ashgill  Shales  with  perfect  conformity. 

These  Skelgill  beds  in  the  inlier  are  found  in  three  or  four 
isolated  patches.  The  most  interesting  is  a  very  poor  exposure 
of  the  lowest  zone  but  one  (the  Dimorphograptus  conferius- 
zone)  faulted  against  the  Keisley  limestone  of  Keisley,  and  one 
of  the  succeeding  zone  (of  Monograpius  fimbriaius)  in  Great 
Rundale  Beck.  In  each  case  the  beds  are  dark  grey  to  black 
Graptolite  shales. 

(8)  Upper  Siockdale  Shales  {Brawgill  -5^^j).— These  are  best 
exhibited  in  Swindale  Beck,  where  they  are  separated  from  the 
Ashgill  Shales  by  a  fault.  Two  zones  occur  here,  the  lower  of 
Monograplus  turriculatus^  the  upper  of  Monograptus  crispus,  but 
fossils  are  now  difficult  to  obtain.  The  beds  are  pale  green  and 
grey  mudstone  and  fine  grits,  with  darker  seams  containing  the 
Graptolites.  The  Skelgill  beds  are  of  Llandovery  age,  and  the 
Browgill  beds  are  the  equivalent  of  the  Tarannon  Shales. 

(9)  Brathay  Flags, — The  Brathay  Flags  are  greyish  shales 
with  a  few  Graptolites  of  Wenlock  age.  They  are  seen  in 
Swindale  Beck  and  near  Harbour  Flat.  These  are  the 
highest  Silurian  beds  near  Appleby,  though  a  patch  of  Coniston 
(Jrit  of  Lower  Ludlow  age  occurs  at  the  most  northerly  point  of 
the  inlier  in  a  stream  below  the  Alston  Moor  Road. 


III.— THE  OLD  RED  SANDSTONE  PERIOD. 

A  period  of  upheaval  followed  the  deposition  of  the  Lower 
Palaeozoic  rocks.  At  this  time  the  older  rocks  were  folded, 
faulted,  and  cleaved.  The  great  movement  of  the  Middle 
Pennine  fault  now  occurred,  and  the  cross-faults  breaking  the 
rocks  of  the  west  part  of  the  inlier  into  blocks  were  produced, 
along  with  many  others.  At  the  same  time  great  denudation 
occurred.  Between  20,000  and  30,000  feet  of  rock  must  have 
been  removed  where  the  lowest  Upper  Palaeozoic  rocks  rest  on 
low  members  of  the  Skiddaw  Slate  Series. 
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These  changes  took  place  while  the  Old  Red  Sandstone  was 
deposited  in  Scotland.  Around  the  borders  of  the  Lake  District 
the  basal  Carboniferous  rocks,  as  a  rule,  rest  with  marked 
unconfonnity  upon  the  upturned  and  eroded  edges  of  the  Lower 
Pakozoic  formations,  transgressing  from  the  Upper  Ludlow  Rocks 
of  the  Tebay  district  to  the  Lower  Skiddaw  Slates  of  the 
Skiddaw  region.  This  unconformity  in  our  area  is  seen  near 
Melmerby,  and  still  more  clearly  on  Roman  Fell. 

In  both  of  these  localities,  below  the  rocks  which  are 
universally  referred  to  the  Carboniferous,  are  discontinuous 
developments  of  a  polygenetic  conglomerate — a  rock  consisting 
of  pebbles  of  divers  character  derived  from  many  kinds  of  rock. 
I  am  inclined  to  refer  this  to  the  Upper  Old  Red  Sandstone, 
and  not  to  the  Carboniferous,  and  there  is  some  evidence  of 
important  changes  having  occurred  between  its  deposition  and 
the  formation  of  the  overlying  Carboniferous  rocks.  It  con- 
sists of  a  somewhat  incoherent  reddish  sandstone  matrix  with 
pebbles  of  various  sizes,  derived  not  only  from  the  local  Lower 
Palaeozoic  rocks,  but  from  gneisses  and  schists  of  distant  r^ons. 
Much  movement  has  taken  place  since  the  formation  of  the 
conglomerate,  and  the  pebbles  are  often  striated,  indented, 
bent  and  faulted. 


IV.— THE    CARBONIFEROUS    PERIOD. 

Our  attention  will  be  chiefly  devoted  to  the  rocks  on  the 
«^t  side  of  the  Lower  Palaeozoic  inlier,  where  they  are 
developed  in  the  great  scarp  of  the  Cross  Fell  Chain. 

Above  the  polygenetic  conglomerate  of  Roman  Fell  is  a 
niassive  rock  of  much  greater  hardness,  consisting  of  a  yellow, 
W  or  red  sandstone  with  small  rounded  pebbles  largely  of 
vein-quartz,  and  thus  markedly  contrasted  with  the  pebbles  of 
^e  polygenetic  conglomerate.  This  forms  the  great  mural 
scarp  of  the  summit  of  Roman  Fell,  and  the  beds  are  bent 
sharply  down  to  a  stream  on  the  east  side  of  the  Fell,  where 
^^y  are  succeeded  by  sandstones  associated  with  a  fossiliferous 
limestone. 

Above  this  series  comes  the  most  important  limestone  of 
^be  district,  the  Melmerby  Scar  Limestone,  whose  white  cliffs 
^e  on  a  clear  day  readily  seen  from  a  distance,  running  along 
the  lower  part  of  the  great  scarp  for  many  miles.  The  Mel- 
"i^rby  Scar  Limestone  is  the  degenerate  equivalent  of  the  Lower 
^^r  Limestone  of  the  Yorkshire  dales.  Above  it,  other  lime- 
stones, with  some  sandstones  and  shales,  occur  tier  above  tier 
on  the  face  of  the  scarp,  until  at  last  the  Millstone  Grit  is  seen 
forming  the  summit  of  the  highest  point  of  the  chain— Cross 
fell  (2,929  feet). 
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The  occurrence  of  an  inlier  of  Millstone  Grit  close  to— 
Appleby,  surrounded  by  rocks  of  New  Red  Sandstone  age  is  of  - 
interest,  as  bearing  on  the  sequence  of  these  newer  rocks. 

The  palaeontological  divisions  of  the  C^boniferous  rocks  of 
the  Cross  Fell  scarp  are   now  being  worked  out  in  detail  by  » 
Prof.  Garwood,  and  as  we  shall  not  examine  the  whole  series-  z 
further  description  here  is  unnecessar>'.  | 


V.—THE  NEW  RED  SANDSTONE  ROCKS. 

These  rocks  belong  to  the  Permian  and  Triassic  systems,  but 
as  they  were  evidently  formed  under  very  similar  conditions  in 
this  area,  we  may  consider  them  under  the  head  of  New  Red 
Sandstone.  Their  general  dip  is  in  an  easterly  direction,  and 
accordingly  the  oldest  beds  run  on  the  whole  to  the  west  of 
Edenside,  the  newer  on  the  east,  but  along  part  of  the  Roman 
Fell  tract  the  oldest  rocks  are  brought  up  by  a  sharp  bend 
against  the  outer  Pennine  fault. 

(A)  Permian  Rocks. — It  is  well  known  that  a  great  period 
of  elevation  and  denudation  occurred  after  the  deposition  of  the 
Coal  Measures,  and  before  the  accumulation  of  the  lowest 
Permian  rocks  of  the  north  of  England,  and  that  the  latter 
accordingly  rest  discordantly  on  the  former.  This  unconformity 
is  not  readily  seen  in  our  district,  owing  to  faulting  and  the 
obscuring  mantle  of  drift.  Just  west  of  Appleby,  however,  the 
Permian  rocks  rest  on  different  members  of  the  Lower  Carboni-. 
ferous,  and  this  appears  to  be  for  a  short  distance  an  unfaulted 
junction.  Unconformity  is,  however,  shown  by  the  abundance 
of  Mountain  Limestone  pebbles  in  the  basal  Permian  rocks, 
indicating  that  the  Upper  Carboniferous  beds  had  been  at  that 
time  removed  by  denudation. 

(i)  Penrith  Sandstone  with  Brockrams, — In  the  Penrith 
district  the  lowest  Permian  rocks  are  the  well-known  Penrith 
Sandstones.  As  these  are  traced  southwards  towards  Appleby, 
thin  bands  of  breccia  occur.  These  breccias  are  locally  known 
as  brockrams,  and  consist  of  angular  fragments  chiefly  composed 
of  Carboniferous  Limestone,  in  a  matrix  of  sandstone  resembling 
the  ordinary  Penrith  Sandstones.  The  limestone  fragments  are 
often  more  or  less  dolomitised.  Around  Appleby  two  important 
developments  of  brockram  occur,  one  at  the  base  and  the  other 
near  the  summit,  and  accordingly  the  series  is  there  subdivided 
into  : 

Upper  Penrith  Sandstone, 

Upper  Brockram, 

Lower  Penrith  Sandstone  (middle  sandstone), 

Lower  Brockram. 


I 
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The  brockrams  var}  much  in  character;  in  some  cases  there 
is  much  matrix,  while  in  others  the  fragments  are  so  numerous 
that  the  rock  might  at  first  be  taken  for  actual  Carboniferous 
Limestone. 

The  Lx)wer  Brockram  is  well  seen  in  Burrells  Quarry,  south  of 
Appleby,  where  the  fragments  are  large  and  numerous.  The 
rock  here  is  remarkably  evenly  jointed.  The  same  rock  is 
brought  to  the  surface  by  a  fault  to  the  east  of  Appleby,  and  is 
seen  on  the  road  to  Dufton. 

The  I-ower  Penrith  Sandstone  is  well  seen  on  the  road  at 
Appleby,  east  of  the  Eden,  just  south  of  the  Court  House,  where 
it  exhibits  very  marked  false  bedding,  inclined  on  the  whole 
from  east  to  west,  and  suggesting  a  westerly  travel  of  the 
materials. 

The  Penrith  sandstone  is  usually  of  a  brick  red  colour :  the 
grains  consist  chiefly  of  quartz,  with  a  certain  amount  of 
decomposed  felspar.  The  grains  are  frequently  markedly 
rounded,  presenting  a  "millet-seed"  appearance,  though  in 
many  cases  they  have  received  a  secondar)-  deposit  of  silica,  giving 
rise  to  the  well-known  cr>'stalline  sandstones.  The  absence  of 
the  detrital  mica  is  significant,  and  affords  a  ready  means  of 
distinguishing  the  Penrith  and  St.  Bees'  Sandstones. 

The  Upper  Brockram  is  in  general  respects  similar  to 
the  lower  breccia.  It  is  seen,  among  other  places,  in  Hilton 
Beck.  Prof.  P.  F.  Kendall  has  shown  that,  although  the 
fragments,  like  those  of  the  Lower  Brockram,  are  largely  derived 
from  the  Carboniferous  Limestones,  there  is  also  a  fair  proportion 
of  older  rocks,  such  as  conglomerate,  vein-quartz  and  rhyoUte.  He 
argues  that  the  basal  Carboniferous  beds  which  were  covered 
during  the  formation  of  the  Lower  Brockram,  had  now  become 
exposed  by  denudation,  and  suggests  that  movement  occurred 
along  the  Pennine  fault  between  the  formation  of  the  two 
brockrams  ;  if  the  thickness  of  the  Penrith  Sandstones  group  be 
taken  at  i,ooo  ft.  (the  thickness  is  very  difficult  to  estimate) 
he  argues  for  a  movement  along  the  fault  to  that  amount. 

The  Upper  Penrith  Sandstones  on  the  whole  resemble  the 
sandstones  between  the  brockrams.  They  may  be  seen  on  the 
road  to  Dufton,  and  also  in  Hilton  Beck. 

(2)  Hilton  Shales,  Magnesian  Limestone,  c^c.  —  Above  the 
Penrith  Sandstone  group  comes  a  variable  group  of  grey  and 
yellow  sandy  shales,  gypseous  shales,  and  impure  magnesian 
limestones  and  sandstones,  known  as  the  Hilton  Shales,  being 
well  exposed  in  the  beck  of  that  name.  The  group  is  of  interest 
on  account  of  the  occurrence  of  plants,  first  discovered  by 
Prof.  Harkness.  The  following  have  been  recorded : — 
AUihopteris  goepperti,  Cardiocarpum  triangiilare,  Odontopteris 
sp.  Sphenopteris  dichotoma,  S,  Naumanni,  Vllmannia  selaginoides 
and  C/.  Bronni,  a  flora  known  in  the   German  Kupferschiefer. 
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It   is  very  difficult  at  the  present  day  to  secure  good  specimens 
from  the  Hilton  exposure. 

(B)  Triassic  Rocks. — The  plant  beds  are  succeeded  by  a 
series  of  gypseous  red  shales,  which  are  taken  as  the  basal 
deposits  of  the  Triassic  rocks.  Mr.  Goodchild  gives  a  figure  in 
the  Survey  Memoir  of  these  shales  resting  unconformably  upon 
the  plant  beds  near  Newbiggin,  some  way  north  of  Appleby. 
They  appear  to  pass  up  into  the  St.  Bees'  Sandstone,  of  which 
indeed  they  may  be  regarded  as  the  base. 

The  St  Bees'  Sandstone  is  well  bedded ;  of  a  more  purple 
red  than  the  Penrith  Sandstone ;  it  contains  thin  inconstant 
*'  way  boards  *'  of  red  shale,  often  shows  discolouration  patches, 
is  rarely  crystalline,  and  above  all  contains  a  fair  amount  of 
detrital  mica.  Many  good  exposures  of  the  rocks  of  this 
division  are  seen,  as  it  is  extensively  quarried  for  building 
purposes.  There  are  large  quarries  just  west  of  the  village  of 
Dufton,  and  others  by  the  side  of  Hilton  Beck,  as  one 
approaches  the  village  of  Hilton.  Mr.  W.  Brockbank  records 
plants  at  two  horizons  at  Hilton  Beck.  See  list  of  References, 
pp.  147,  148. 

There  are  no  newer  rocks  near  Appleby,  though  the 
St.  Bees'  Sandstone  around  Carlisle  is  succeeded  by  higher 
Triassic  rocks,  and  ultimately  by  Liassic  rocks  still  preserved 
in  an  outlier. 

VI.— INTRUSIVE   IGNEOUS  ROCKS. 

Many  igneous  dykes  and  small  bosses  are  found  among  the 
Lower  Palaeozoic  rocks,  belonging  principally  to  the  groups  of  the 
quartz-porphyries  and  lamprophyres.  The  most  interesting  are 
the  mass  of  quartz  porphyr>'  on  the  western  flank  of  Dufton  Pike, 
often  termed  the  "  Dufton  granite,"  which  is  remarkable  for  the 
large  plates  of  mica,  and  the  lamprophyres  of  Swindale  Beck. 
One  of  these  contains  rare  phenocrysts  of  orthoclase  resembling 
the  well  known  porphyritic  crystals  of  the  Shap  granite.  Mr. 
Harker  and  I  have  given  reasons  for  supposing  that  this  group 
of  dykes  are  apophyses  of  that  granite,  in  which  case  they  are  of 
Devonian  age. 

A  later  intrusion  is  the  well-known  Whin  Sill,  which  runs  for 
miles,  at  slightly  different  horizons,  among  the  lower  Carboni- 
ferous rocks  of  the  great  Pennine  scarp.  It  will  be  seen  around 
High  Cup  Gill.  The  rock  is  a  diabase,  consisting  of  plagioclase 
felspar,  augite,  and  an  iron  ore.  In  the  Appleby  District,  where 
it  is  thin  as  compared  with  the  development  on  the  east  side  of 
the  Pennines,  it  is  a  fine-grained  rock,  and  the  amount  of  meta- 
morphism  which  it  produces  on  the  rocks  with  which  it  is  in 
contact  is  less  than  that  produced  to  the  east  in  the  well-known 
section  at  Falcon  Clints,  in  Upper  Teesdale. 
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A  day  has  been  set  apart  for  visiting  the  Shap  granite,  for, 
as  already  mentioned,  the  granite  is  connected  with  the 
Appleby  District,  as  its  apophyses  extend  into  the  rocks  of  the 
inlier.  The  visit  to  Shap  will  enable  us  to  see  the  western  limb 
of  the  great  earth-wave  whose  trough  is  in  Edenside. 

The  granite  itself  is  intrusive  in  rocks  of  the  Borrowdale 
Volcanic  Group.  It  forms  a  mass  about  i^  miles  along  its  greatest 
diameter,  being  a  rough  ellipse  approximating  to  the  circular 
form. 

The  granite,  save  when  stained  red,  has  a  grey  matrix  of 
orthoclase  and  some  plagioclase  felspar,  quartz  and  biotite.  A 
noticeable  point  is  that  the  quartz  crystallised  before  the 
orthoclase.  In  this  matrix  are  embedded  large  pink  orthoclase 
crystals  sometimes  two  inches  in  length.  The  abundance  of 
dark  inclusions  is  of  interest ;  some  are  fragments  of  other 
rock  which  have  been  caught  up  in  the  granite,  but  many  are 
more  basic  varieties  of  the  rock  itself,  marked  by  the  possession 
of  biotite,  plagioclase  and  sphene.  These  basic  patches  contain 
the  Uirge  orthoclase  phenocrysts,  which  are  usually  corroded,  and 
have  an  altered  margin  of  plagioclase  and  quartz.  They  are 
closely  related  in  character  to  the  lamprophyric  apophyses. 

The  apophyses  occur  as  dykes  and  sills,  chiefly  radiating 
from  the  granite,  and  extending  to  distances  of  over  12  miles 
from  the  mass,  though  they  are  most  abundant  near  that  mass, 
where  they  frequently  contain  orthoclase  phenocrysts.  The  dyke 
rocks  are  of  two  kinds,  lamprophyres  and  quartz  porphyries,  the 
former  being  more  basic  and  the  latter  more  acid  than  the 
granite  itself.  The  phenocrysts  in  the  lamprophyres  are  rounded 
and  corroded,  with  plagioclase  margins  like  those  of  the  basic 
patches  in  the  granite. 

The  aureole  of  metamorphism  extends  to  a  distance  of  about 
three-fourths  of  a  mile  from  the  granite  margin.  A  great  variety 
of  rocks  has  undergone  metamorphism,  including  basic,  inter- 
mediate and  acid  lavas  and  ashes,  impure  limestones,  shales  and 
grits,  and  also  a  metalliferous  vein. 

The  lavas  and  ashes  had  undergone  weathering  before 
metamorphism.  The  alteration  of  the  intermediate  and  basic 
rocks  presents  points  of  interest.  Near  the  granite  margin  the 
rocks  are  completely  re-crystallised,  with  formation  of  water-clear 
felspar  and  a  purple-brown  mica.  The  vesicles  of  the  lava  were 
tilled  with  amygdaloidal  substance  before  alteration.  This  has 
been  converted  into  crystalline  calcite,  fibrous  amphibole,  epidote, 
g;amet  and  other  minerals.  Similar  changes  have  taken  place  in 
the  metalliferous  vein. 

The  impure  limestones  are  changed  into  lime-silicate  rock, 
'vith  development  of  various  minerals  such  as  lime-garnet  and 
plagioclase. 

The  other  rocks  have  undergone  various  changes  according 
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to  their  composition,  but  as  the  time  will  he  too  limited  to 
examine  these  in  detail,  it  is  unnecessary  to  particularise  them 
here. 


VIL— GLACIAL  PHENOMENA. 

In  the  limited  tract  of  ground  which  we  shall  traverse,  it  is 
not  probable  that  we  shall  come  across  any  glacial  striae,  and  the 
direction  of  travel  of  the  ice  is  indicated  mainly  by  the  dis- 
tribution of  the  boulders,  and  to  some  extent  by  the  conforma- 
tion of  the  ground.  The  striae  which  have  been  obser\'ed  in  the 
district,  and  the  distribution  of  the  principal  boulders  is  shown  in 
the  map  by  the  late  J.  G.  Goodchild,  here  reproduced  on 
Plate  III. 

The  principal  glacial  accumulations  are  till,  with  some 
intercalated  sands  and  gravels,  and  local  moraines. 

The  till  is  widely  spread  over  the  lowlands  of  Edenside. 
Its  surface  is  not  level,  but  presents  whale-l)acked  ridges  or 
drumlins  with  intervening  hollows.  These  drumlins  have  a 
general  direction  of  S.  30*'  E.,  as  noted  by  Mr.  Tiddeman. 
Otherwise  the  till  is  of  an  ordinary  character.  An  interesting 
section  is  seen  in  a  quarry  of  St.  Bees'  Sandstone  near  Hilton 
Beck,  where  in  one  place  the  till  has  been  forced  for  a  distance  of 
about  6  feet  below  a  projecting  hard  bed  of  the  sandstone.  The 
sands  and  gravels  associated  with  the  till  were  probably  formed 
in  more  than  one  way.  Mr.  Tiddeman  records  the  finding  of  a 
tooth  of  ox,  probably  bison,  in  clean  sand  and  gravel  below  the 
boulder-clay  at  Appleby. 

Local  moraines  occur  at  the  ends  of  some  of  the  valleys 
entering  Edenside  from  the  Pennine  Chain.  The  most  promi- 
nent are  at  the  end  of  the  High  Cup  valley,  and  at  Cosca,  near  the 
mouth  of  Great  Rundale  Beck. 

The  most  interesting  boulders  are  those  of  Galloway,  with 
which  must  be  classed  the  Carrock  Fell  gabbros,  and  the  Enner- 
dale  granophyre  which  have  come  from  the  north-west;  and  of 
the  Shap  granite  which  have  come  from  the  west  and  south-west. 
Both  sets  of  boulders  ultimately  pass  over  Stainmoor  Pass,  on  the 
east  of  the  upper  end  of  the  Edenside  lowlands. 

The  passage  of  the  boulders  over  this  pass  is  of  great  interest. 
The  Shap  granite  boulders  are  not  found  passing  over  the  lowest 
part  of  the  pass  where  the  high  road  and  railway  crosses  the 
Pennine  watershed.  There  are,  in  fact,  three  belts  of  distribu- 
tion of  boulders  among  the  low  ground  in  the  vicinity  of  the 
actual  |xiss.  These  belts  run  approximately  east  and  west.  The 
most  southerly  occupies  the  lowest  ground  of  the  pass,  and 
contains  boulders  which  have  probably  been  brought  from  the 
high  ground  surrounding  the   head  of  the  Eden  valley.     The 
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middle  belt  contains  boulders  of  Shap  granite,  but  none  of  the 
Galloway  rocks,  while  the  northernmost  belt  has  a  mixture  of 
boulders  of  Shap  apd  Galloway  rocks.  The  Shap  boulders  are 
found  in  places  at  a  slightly  higher  elevation  than  is  attained 
by  any  of  the  parent  rock. 

In  addition  to  these  boulders,  fragments  of  Brock  ram  have 
also  been  carried  over  Stainmoor.  The  highest  point  where  these 
rocks  occur  ///  situ  is  nearly  700  ft.  below  the  point  where  they 
cross  the  watershed.  These  boulders,  therefore,  have  travelled 
up  hill  to  the  extent  of  700  ft.  vertical,  within  a  distance  of  four  or 
five  miles. 

A  full  account  of  the  travel  of  boulders  in  this  district  will  be 
found  in  the  late  Mr.  Goodchild's  well-known  paper  on  the 
** Glacial  Phenomena  of  the  Eden  Valley,"  for  which  a  reference  is 
given  in  the  list  of  works  at  the  end  of  this  paper. 


VIII.— PHYSIOGRAPHY. 

The  lowland  tract  of  Edenside  is  clearly  "tectonic"  as 
r^ards  origin,  due  to  the  letting  down  by  the  Pennine  fault  of 
the  softer  New  Red  Sandstone  strata  between  the  Palaeozoic 
rocks  of  Lakeland  to  the  west  and  of  the  Pennines  to  the  east. 
The  present  features,  however,  are  no  doubt  directly  due  to 
denudation.  As  the  general  trend  of  the  strata,  and  of  the  strip 
of  Lower  Palaeozoic  rocks  is  on  the  whole  a  little  east  of  south,  the 
trend  of  the  major  features  is  in  the  same  direction.  The 
most  prominent  of  these  features  is  undoubtedly  the  great 
Pennine  scarp,  determined  initially  by  the  apposition  of  soft 
rocks  to  hard  produced  by  the  outer  Pennine  fault. 

Considerable  modification  has  taken  place  in  details.  To 
the  east  of  the  inner  Pennine  fault,  the  scarp  runs  fairly 
regularly,  save  where  indented  by  consequent  streams  flowing 
westward  from  the  Pennine  watershed.  The  scarp  itself  is 
diversified  by  gentler  slopes,  due  to  shales,  and  steep  slopes  and 
scars  caused  by  the  basal  conglomerates  and  sandstones  of  the 
Carboniferous,  the  higher  limestones  and  sandstones,  and  by  the 
Whin  Sill. 

The  inner  Pennine  fault  is  itself  sometimes  marked  by  a 
depression,  as,  for  instance,  the  col  between  Brown  ber  and 
the  Carboniferous  range  to  the  east,  and  a  similar  col 
between  Murton  Pike  and  the  same  ridge.  The  Lower  Palaeozoic 
rocks  form  high  ground,  though  never  rising  to  the  height  of 
the  main  elevation  of  the  Pennine  watershed.  The  Skiddaw 
slates  between  the  middle  and  inner  faults  are  usually  marked 
by  fairly  steep  vegetation-clad  slopes,  though  where  grits,  ashes, 
and  dominant  quartz  veins  exist,  they  form  hills,  such  as  Burney, 
Brownber,  and  Murton  Pike.     The  latter  is  bounded  by  faults 
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on  four  sides,  and  so  presents  the  form  of  a  pyramid  on  a 
quadrangular  base. 

The  middle  Pennine  fault  is  marked  by  a  depression  along 
the  greater  part  of  its  length.  This  is  well  seen  between 
Dufton  Pike  and  Brownber.  The  Lower  Palaeozoic  rocks 
between  the  middle  and  outer  Pennine  faults,  also  rise  into  pikes 
in  many  places,  such  as  Knock  Pike,  Dufton  Pike,  Gregory  and 
Keisley  Bank.  These  are  composed  either  entirely  of  rhyolite, 
or,  in  the  case  of  the  last-named,  of  rhyolite  and  limestone. 
These  pikes  also  are,  in  most  cases,  bounded  by  faults. 

The  pikes  sometimes  show  the  concave  curve  of  water 
erosion,  as  Murton  Pike  and  Dufton  Pike,  while  the  summits 
frequently  have  the  convex  curve  of  weathering  beneath  vegeta- 
tion, well  shown  on  Knock  Pike.  The  importance  of 
bounding  divisional  planes  as  opposed  to  rock  structure  is  well 
exemplified  in  the  case  of  Dufton  and  Murton  Pikes,  of 
remarkably  similar  appearance,  though  the  former  is  composed 
of  rhyolite  and  the  latter  of  Skiddaw  Slates. 

Roman  Fell  exhibits  two  types  of  scenery.  It  lies  between 
the  inner  and  outer  Pennine  faults.  The  lower  part  is  Lower 
Palaeozoic  rock,  and  has  slopes  similar  to  that  of  Murton  Pike.  But 
though  the  Carboniferous  rocks  which  once  overlay  the  sum- 
mit of  Murton  Pike  have  been  removed,  they  still  occur  on 
Roman  Fell,  and  give  rise  to  the  great  mural  scarp  of  con- 
glomerate which  has  already  been  noticed  as  capping  that  fell. 
The  middle  Pennine  fault  here  passes  beneath  this  scarp, 
without  displacing  its  rocks,  showing  its  pre-Carboniferous  age 
along  this  part  of  its  course,  though  it  would  seem  that  sub- 
sequent movement  has  occurred  in  post -Carboniferous  time 
along  a  more  northerly  part  of  its  course,  to  the  south  of 
Melmerby. 

Coming  now  to  the  New  Red  Sandstone  rocks  of  Edenside, 
we  have  already  remarked  that  they  produce  lowland  as  contrasted 
with  the  elevated  ground  to  the  east  and  west ;  but  there  is 
considerable  diversity  of  character  in  this  lowland.  The 
Brockrams  and  Penrith  Sandstones  form  on  the  whole  com- 
paratively elevated  ground  for  this  lowland,  with  the  escarpment 
facing  W.  and  the  dip  slope  E.  The  softer  plant  beds  and  accom- 
panying deposits  form  a  depression,  to  the  east  of  which  is  the 
scarp-slope  of  the  St.  Bees'  Sandstone,  usually  rising  to  the 
higher  ground  on  the  west  side  of  the  outer  Pennine  fault.  The 
character  of  the  surface  of  Edenside  is,  as  before  observed, 
considerably  modified  by  the  drumlins. 

West  of  Edenside  the  Carboniferous  type  of  country  is  again 
developed,  though  the  ground  is  generally  lower  than  that  of 
the  Pennine  scarp.  This  Carboniferous  country  ends  to  the 
west  with  a  prominent  scarp  at  Shap  facing  the  Lower  Palaeozoic 
country  of  Lakeland. 


THE  GEOLOGY  OF  THE  APPLEBY  DISTRICT,  WESTMORELAND.       1 45 

Another  interesting  physiographical  study  is  connected  with 
the  river  courses. 

The  main  drainage  of  the  district  is  conducted  by  streams 
which  were  initiated  on  the  axis  of  uplift  of  the  Pennine  Chain 
which  produced  the  primary  watershed  of  the  area.  They  flowed 
in  the  direction  of  the  dip,  to  the  east  and  west  respectively. 
The  westerly  flowing  streams  became  tributaries  of  the  Ekien 
initiated  in  the  trough  of  the  syncline,  and  accordingly  flowing 
as  a  strike-stream  in  the  direction  of  the  axis  of  that  syncline.  Few 
of  the  dip-streams,  however,  now  flow  directly  from  the  watershed 
to  the  Eden,  owing  to  capture  of  the  headwaters  of  the  less 
important  dip-streams  by  the  tributaries  of  the  more  important, 
working  along  lines  of  weakness,  whether  faults  or  soft  deposits. 
The  principal  captures  have  been  brought  about  along  the  line  of 
the  Middle  Pennine  fault,  e.g..  Great  Rundale,  flowing  behind 
Dufton  Pike  to  Swindale;  or  along  the  line  of  the  Outer 
Pennine  fault,  e,g,,  Swindale  Beck  into  Mill  Beck  ;  or  again  along 
the  strike  of  the  Permian  plant  beds  and  their  associated  soft 
rocks,  e.g.,  Murton  Beck  by  Frith  Beck  into  Mill  Beck.  These  are 
but  a  few  examples  of  many  diversions,  some  of  which  were 
probably  helped  by  glacial  interference. 

The  next  feature  of  interest  is  due  to  the  asymmetrical  nature 
of  the  uplift.  The  area  may  be  regarded  as  exhibiting  an 
asymmetrical  earth-fold,  having  a  gentle  trough  limb  to  the  west, 
sloping  eastward,  a  steep  septum  or  middle  limb  sloping  west- 
ward, and  a  gentle  arch-limb  sloping  eastward  from  the  summit 
of  the  Pennine  Chain.  This  was  complicated  by  the  Pennine 
faults,  but,  nevertheless,  the  geological  centre  of  the  fold  which 
initiated  the  drainage  from  the  top  of  the  Pennine  Chain  is 
marked  by  the  position  at  the  surface  of  the  Lower  Palaeozoic 
rocks.  The  "  law  of  uneven  slopes"  has  caused  a  modification  of 
the  initial  drainage.  As  the  western  slope  is  much  steeper  than 
the  eastern,  denudation  has  proceeded  more  rapidly  on  the  west 
side  of  the  Pennines  than  on  the  east  side.  This  is,  firstly, 
the  case  with  the  general  weathering  and  transport  of  the 
weathered  materials  by  inconstant  runnels,  and  hence  the  main 
line  of  watershed,  though  parallel  with  the  one  of  uplift  beneath 
the  Lower  Palaeozoic  rocks,  now  lies  to  the  east  of  it.  Secondly, 
the  law  of  unequal  slopes  has  caused  still  greater  difference 
between  the  erosion  of  the  westerly  and  easterly  flowing 
streams,  and  the  former  are  engaged  in  cutting  notches  through 
the  watershed  towards  the  east. 

The  most  interesting  example  of  this  is  presented  by  High 
Cup  Gill,  of  which  the  head  is  now  some  distance  east  of  the 
main  line  of  watershed.  This  gill  is  at  present  engaged  in 
capturing  for  its  tributaries  the  small  streams  which  once  drained 
into  the  Tees  by  a  tributary  running  in  the  actual  line  of  High 
Cup  Gill,  but  in  the  contrar}'  direction.     Part  of  this  tributary 
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of  the  Tees  still  exists  unmodified  due  east  of  the  head  of  High 
Cup  (High  Cup  Nick)  and  flows  over  the  Tyne  Bottom  Lime- 
stone, and  the  relic  of  the  floor  of  this  tributary  is  clearly 
traceable  on  either  side  of  the  upper  portion  of  the  High  Cup 
valley,  which  now  terminates  in  a  very  typical  cirque,  of  which 
the  semicircular  cliff"  is  formed  by  the  Whin  Sill  and  Tyne 
Bottom  Limestone  which  here  rests  upon  it. 

The  Eden  has  by  no  means  established  its  bas^  level  along  ' 
the  upper  parts  of  its  course,  and  has  been  in  geologically  recent 


Fig.  15.— Sketch  Map  of  a  Portion  of  the  Course  of  the  River  Edei 

—J.  E,  Mart, 

Scale  6  inches  =  i  mile. 

A  is  the  town  of  Appleby.     The  tracts  of  Alluvium  are  marked  with  the  usual  sign 

The  rest  is  rock  chiefly  drift-covered. 

times  rejuvenated,  as  shown  by  the  incised  meanders  along  a 
portion  of  its  course.  One  of  these  is  responsible  for  the 
existence  of  Appleby.  A  loop  of  the  river  causes  a  tongue  of 
high  ground,  on  the  high  narrow  neck  of  which  the  Castle  is 
built,  while  the  houses  of  the  citizens  extend  down  the  slope 
from  the  castle  towards  and  on  to  the  alluvial  tract  of  the  river. 
(See  Fig.  15). 

In  addition  to  the  incised  meanders,  there  are  hanging 
valleys  connected  with  the  tributaries  flowing  into  the  Eden 
from  the  east.     Most  of  these,  it  is  true,  are  more  or  less  graded 
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on  those  parts  of  their  courses  which  traverse  the  New  Red 
Sandstone  Rocks,  and  only  "  hang "  above  the  outer  Pennine 
fault,  but  one  valley,  that  of  Croglin  Water,  some  miles  north  of 
Appleby,  plunges  down  cascades  and  waterfalls  immediately  above 
its  junction  with  the  Eden,  giving  rise  to  the  picturesque  featiwes  of 
Nunnery  Walks.  The  position  of  the  hanging  valley  is  here 
determined  by  a  fairly  hard  mass  of  Penrith  Sandstone. 

Since  the  period  of  rejuvenescence,  a  sufficient  period  has 
elapsed  for  temporary  base-levelling  of  the  Eden  at  Appleby,  and 
accordingly,  owing  to  lateral  erosion,  tongues  of  alluvium  have 
been  formed  alternately  on  either  side  of  the  stream,  as  shown  in 
the  figure. 

The  encroachment  of  High  Cup  Gill  on  the  Tees  drainage 
has  been  noticed  as  an  exemplification  of  the  law  of  unequal 
slopes.  But  there  is  a  yet  more  important  cause  of  modifications 
of  the  original  Eden  drainage  which  may  now  be  considered. 

The  soft  New  Red  Sandstone  rock,  over  which  the  Eden 
runs  for  the  greater  part  of  its  course,  allowed  the  river  rapidly  to 
corrode  after  its  initiation,  and  accordingly  we  find  that  the  town 
of  Kirkby  Stephen,  where  the  southern  termination  of  the  New 
Red  deposits  is  situated,  but  seven  miles  from  the  river-head, 
is  less  than  600  ft.  above  sea-level.  We  must  go  many 
miles  farther  down  the  adjoining  Rivers  Tees,  Swale,  Ure,  and 
Lune  before  we  cross  the  600-ft.  contour-line,  for  these  rivers  run 
for  long  distances  over  rocks  of  a  harder  nature  than  that  of  the 
New  Red  Sandstone.  Accordingly  the  tributaries  of  the  higher 
parts  of  the  Eden  have  a  steeper  grade  than  those  of  the  rivers 
mentioned,  and  therefore  tend  to  extend  their  heads  backwards 
and  so  to  capture  the  headwaters  of  the  tributaries  of  the  above- 
mentioned  rivers.  In  the  case  of  the  Swale  the  capture  has 
proceeded  to  a  slight  extent  only,  but  it  is  more  marked  in  the 
case  of  the  Tees,  Ure,  and  Lune.  One  effect  of  capture  is  the 
production  of  what  may  be  termed  "  fish-hooks."  A  tributar)-, 
say,  of  an  easterly  flowing  river,  has  itself  a  general  easterly 
trend.  When  captured  by  a  westerly  flowing  river  the  water 
bends  round  in  a  fish-hook  curve.  Thus  the  Balder,  a  tributary 
of  the  Tees,  appears  once  to  have  arisen  on  Warton  Fell, 
about  five  miles  W.N.W.  of  its  present  source.  It  has  been 
captured  by  two  streams,  Swindale  Beck  (one  of  many  Swindales 
in  this  district)  and  Augill  Beck,  flowing  past  Brough  into  the 
Eden,  with  the  formation  of  a  fish-hook  at  each  point  of  capture. 
A  similar  feature  occurs  at  the  head  of  the  Eden,  where  Hell 
Gill  Beck  flows  west  of  south  for  about  three  miles  as  though  to 
join  the  Ure.  The  upper  part  is  of  the  nature  of  a  hanging 
\-alley,  and  descends  by  Hell  Gill  Bridge  to  join  the  northerly- 
flowing  Eden,  again  forming  a  fish-hook. 

But  the  most  interesting  case  of  capture  is  seen  in  the  case  of 
the  head  waters  of  the  Lune  at  Ravenstonedale.  It  is  proposed 
Proc.  Geol.  Assoc.,  Vol.  XX,  Part  3,  1907.]  12 
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to  devote  a  day  to  this  tract,  and  a  somewhat  fuller  description  is 
necessary. 

Ravenstonedale  is  a  horseshoe-shaped  depression  among  the 
mountains  to  the  south-west  of  Kirkby  Stephen,  apparently  the 
head  of  a  valley  which  extends  west  to  Tebay,  where  the  waters 
turn  south  to  flow  through  the  gorge  of  the  Howgill  Fells,  as  the 
River  Lune.      Standing  on  an  eminence  near  the  village  of 


To  Edtn. 


Scandale. 

Fig.  16.— Sketch  Map  of  a  Portion  of  the  River  Drainage  in 
Ravenstonepale.— J.  E.  Mart, 

Scale  I  inch  =  I  mile. 

C.  Coldbcck.  F.  "  Fish-hook."  F.B.  Friar  Bottom.  G.  Gorge. 

N.  Newbiggin.       R.  Raven stoneilale  Village.      St.  Ravenstonedale  Station. 

S.  Sandwath  Beck. 


The  broken  line  is  the  700  ft.  contour,  the  dotted  line  the  800  ft.  contour, 
other  contour  lines  are  not  shown. 


The 


Ravenstonedale  the  horseshoe  seems  to  be  surrounded  by  hills. 
To  the  south  are  the  Howgill  Fells  and  Wild  Boar  Fell ;  to  the 
east  the  ridge  from  Wild  Boar  Fell  to  Ash  Fell  ;  and  to  the  north 
Crosby  Garret  Fell  and  Grange  Scar.  So  obviously  does  the  tract 
within  this  horseshoe  seem  to  belong  to  the  Lune  drainage  that  it 
is  almost  with  a  shock   that  we   find   the  drainage  of  a  con- 
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siderable  tract  of  country  west  of  Wild  Boar  Fell  and  its  northerly 
ridge,  which  collects  to  form  Scandale  Beck,  flowing  through  a 
cauon-like  gorge,  through  which  runs  the  railway  between  Raven- 
stonedale  and  Smardale  stations  to  fall  into  the  Eden  near 
Soul  by,  at  a  height  of  nearly  500  ft  above  sea-level.  Now,  the 
500-ft  contour- line  is  not  crossed  on  the  Lune  until  we  reach 
High  Borrow  Bridge,  many  miles  away,  and  it  seems  clear  that 
the  Scandale  stream  once  starting  from  the  top  of  the  ridge 
around  the  horseshoe  near  the  present  Smardale  station  has  cut 
backw^ards  and  captured  the  former  source  of  the  Lune. 

In  connection  with  this  a  very  interesting  physiographical 
feature  near  Newbiggin  (a  village  close  to  Ravenstonedale  station) 
may  now  be  noticed.  (See  Fig.  16.)  South  of  Ravenstonedale 
station  a  small  stream,  Sandwath  Beck,  flows  westward  to  join  the 
Lune,  through  an  alluvial  flat,  at  a  height  of  a  little  under  800  ft. 
To  the  east  of  this  a  meandering  depression  will  be  seen  on  the 
ordnance  map  with  its  bottom  always  below  800  ft.  Let  us 
follow  this.  Walking  at  first  from  Newbiggin  to  the  N.E.,  we  find 
a  little  runnel  which  rises  near  the  Farm  of  Friar  Bottom, 
flowing  on  a  well-graded  bed  to  join  the  Lune.  At  Friar  Bottom 
we  find  to  our  surprise  that  though  in  this  meandering  valley  we 
are  on  the  watershed  between  the  Lune  and  Eden  :  from  here 
the  winding  valley  goes  to  the  south-east,  and  soon  a  stream  rises 
from  a  "keld"  and  flows  over  a  fairly  steep  but  well-graded  bed  to 
join  Scandale  Beck  (the  tributary  of  the  Eden)  north  of  Coldbeck  ; 
where  it  forms  a  "fish-hook."  One  explanation  is  that  this 
meandering  \'alley  was  the  route  taken  by  the  former  headwaters 
of  Scandale  to  join  the  river  Lune,  but  that  on  the  capture  of 
Scandale  Beck  by  the  Eden  tributary,  a  wind-gap  was  formed. 
If  the  water  which  rises  at  the  keld  extends  backward, 
Sandwath  Beck  will  be  similarly  captured  in  the  future. 
Unfortunately  there  is  much  drift  about  here,  and  although  the 
northern  bank  of  the  meandering  valley  is  formed  of  limestone, 
the  southern  bank  is  occupied  by  glacial  materials,  and  it  may 
perhaps  be  claimed  by  glacialists  that  we  have  a  case  of  a  glacial- 
lake  overflow.  However  this  may  be,  the  actual  capture  and 
formation  of  the  Smardale  gorge  seems  to  me  to  be  entirely 
unconnected  with  glaciation.     (See  Fig.   16.) 
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ORDINARY    MEETING. 

Friday,  June   7TH,  1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 
Robert  George  Baird,  Victor  GoUancz,  L.  F.  Maxwell,  Arthur 
Rust. 

The  President  announced  that  the  arrangements  for  handing 
over  the  Library  to  University  College  were  now  completed,  and 
that  the  University  of  London  had  passed  the  following 
resolution:  *'That  the  cordial  thanks  of  the  Senate  be 
transmitted  to  the  Trustees  of  the  Geologists'  Association  for 
their  generosity  in  transferring  their  Library  to  the  University." 

The  following  paper  was  read  : — "  The  Chalk  of  Surrey  :  Part 
II,  the  Western  Area,"  by  George  W.  Young,  F.G.S.  The  paper 
was  illustrated  with  a  series  of  lantern  slides  made  by  Mr.  W.  P. 
Young. 

The  President,  in  moving  a  vote  of  thanks  to  the  author, 
commented  on  the  interesting  nature  of  the  paper  and  invited 
discussion,  in  which  Messrs.  Newton,  Treacher  and  Dibley 
joined,  and  Mr.  G.  W.  Young  afterwards  replied. 


ORDINARY    MEETING. 

Friday,  July  5TH,  1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Fred  Andrews,  Roger  Meeson,  Herbert  A.  Rigg,  K.C.,  Rev. 
Henry  Percy  Thompson,  Miss  Marie  Vobe. 

The  following  paper  was  then  read  : — "  The  Geology  of  the 
Appleby  District,  Westmoreland,"  by  John  Edward  Marr,  Sc.D., 
F.R.S.,  advance  copies  of  which  had  been  printed  and  were  on 
sale  to  the  members.  The  paper  dealt  with  the  district  to  be 
visited  during  the  Long  Excursion,  and  was  illustrated  with  a 
fine  series  of  lantern  views,  most  of  which  were  contributed  by 
Professor  Garwood. 

The  President  moved  a  vote  of  thanks  to  the  author,  and 
expressed  a  hope  that  all  those  present  would  come  to  Appleby 
and  hear  more  from  Dr.  Marr  in  the  field  about  the  interesting 
problems  which  he  had  discussed  in  the  paper.  He  also  alluded 
to  Professor  Garwood's  beautiful  Photographs.  Mr.  AVhitaker 
and  Professor  Garwood  then  spoke,  and  Dr.  Marr  replied. 
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EXCURSION    TO    BRISTOL. 

Whitsuntide,  1907. 

Directors  :  Prof.  S.  H.  Reynolds,  M.A.,  F.G.S.,  A,  Vaughan, 

B.A.,  D.Sc,  F.G.S.,  Prof.  W.S.Boulton,B.Sc.,A.R.C.&,F.G.S., 

and  T.  F.  Sibly,  B.Sc,  F.G.S. 

Excursion  Secretary:  George  W.  Young. 

(^Report  by  THE  DIRECTORS.) 

The  headquarters  were  at  the  St.  Vincent  Rocks  Hotel,  Clifton. 
Most  of  the  members  arrived  on  Friday,  May  17th.  They  were 
joined  on  each  of  the  days  by  many  local  visitors,  bringing 
the  number  on  each  excursion  to  above  50. 

Saturday,  May  i8th. 
Director:  Dr.  Vaughan. 

The  members  assembled  at  the  fountain  at  the  top  of 
Bridge  Valley  Road,  where  they  were  joined  by  the  Director  at 
9.30  a.m.  Fine  weather  fortunately  presented  the  beautiful 
Avon  Gorge  in  its  most  charming  aspect  and  permitted  the  full 
programme  to  be  carried  out. 

The  great  fault  at  the  foot  of  Bridge  Valley  Road  was  seen  to 
separate  the  highest  beds  (Dg)*  of  the  Carboniferous  Limestone, 
on  the  north,  from  the  Seminula  beds  on  the  south.  The  large 
heave  of  the  fault  was  demonstrated  by  walking  southward  as  far 
as  the  base  of  Di,  and  noting  the  distance  covered,  on  the  return 
traverse,  before  the  same  bed  was  again  met  with,  in  the  main 
sequence,  north  of  the  fault. 

D2,  Di  and  upper  82  were  rapidly  passed  in  review. 

Si  and  the  base  of  S2  were  more  carefully  examined  in  the 
Great  Quarry,  where  the  abundance  of  Seminula  ficoides  and  of 
Lithostrotion  martini  immediately  arrested  the  attention.  At  the 
top  of  Si  the  Cyathophylloid  Caninia  (Caninia  cylindrica  mut. 
Si)  and  the  spinose  semireticulate  Productus  were  pointed  out ; 
from  the  lowest  beds  of  S2  a  specimen  of  Carcinophyllum  6  was 
obtained. 

Time  did  not  permit  of  the  examination  of  the  Syringpthyris- 
zone  (C),  but  attention  was  drawn  to  the  importance  of  this 
period  as  one  of  wide-spread  movement,  only  indicated  in  the 
Avon  by  rocks  of  shallow-water  origin. 

The  ZaphrentiS'ZonQ  (Z)  was  seen  in  the  Black  Rock 
Quarry,  where  the  abundance  of  Zaphrentis  in  the  upper  part 
(Z2),  and  the  predominance  of  Brachiopods  in  the  lower  (Zi)  were 

*  For  ezpluiaUon  of  terms  used  see  the  Table  antt^  p,  73. 
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pointed  out  At  the  top  of  Z2  (horizon  7),  the  first  establish- 
ment of  the  Caninoid  CampophyUa  and  the  acme  of  Syringothyris 
cuspidata  were  noted  ;  a  little  below  this  level  occur  the  cele- 
brated "Clifton  Fish  Beds." 

The  main  portion  of  the  Cieistopora-zone  (Lower  Limestone 
Shales  of  the  Avon  Section)  was  passed  by  without  examination, 
but  some  time  was  spent  in  studying  the  base  {Modiola  Phase  = 
Km)  of  the  zone,  in  the  railway  cuttings,  near  Cook's  Folly,  on 
the  two  Avonmouth  lines.  Here,  attention  was  especially  drawn 
to  the  evidences,  both  faunal  and  lithological,  of  extremely 
shallow  water  conditions  during  the  deposition  of  these  beds 
which  immediately  succeed  the  Old  Red  Sandstone  of  the  Avon 
section. 

Modiola  was  found  plentifully  in  the  shales  and  Athyris 
rf,  Raissyi  was  collected  from  the  upper  cutting.  Interest 
was  also  shown  in  the  well-known  **  Bryozoa "  and  "  Palate " 
beds. 

The  party  went  by  train  from  Sea  Mills  to  Shirehampton, 
where  they  had  luncheon,  after  which  they  crossed  the  river  by 
ferry  to  Pill,  and  the  return  walk  was  made  from  Pill  to  the  base  of 
the  Carboniferous  Limestone,  on  the  Leigh  Woods  side.  In  the 
course  of  this  walk,  the  Dolomitic  Conglomerate  was  seen  lying, 
unconformably,  upon  the  Old  Red  Sandstone  in  the  cuttings  on 
the  Portishead  Railway.  The  party  also  collected  specimens 
of  Celestite  (sulphate  of  strontia)  from  stacks  which  had  been 
brought  from  the  surface  workings  at  Leigh  Court,  Abbot's 
Leigh,  where  the  mineral  occurs  in  irregular  seams  in  the  Keuper 
Marl. 

Work  was  then  resumed  upon  the  lowest  beds  of  the  Avonian 
sequence  in  a  low  riverside  exposure.  Specimens  of  Sirepsodus 
were  obtained  from  the  top  of  the  Old  Red  Sandstone,  and 
Brachiopods  {Productus  bassus,  Camaroia'chia,  etc.)  from  the 
lowest  beds  of  Ki,  immediately  above  the  Bryozoa  Beds. 

llie  lowest  beds  of  the  Zaphrentis-zone  (Horizon  /3),  were 
searched  in  Quarry  i  and  yielded  the  Brachiopod  assembkge 
characteristic  of  that  level  {Spirijer  clathraius,  Productus 
burlingtonensiSy  Spiriferina  cf.  octoplicata^  Syringothyris  aff. 
cuspidatOy  etc). 

In  Quarry  2,  the  base  of  Zo  yielded  the  early  form 
of  Schizophoria  resupinata^  associated  with  the  small  progenitors 
of  the  papilionaceous  Chonetes.  The  uppermost  beds  of  this 
quarry  displayed  Zaphrentis  aff,  cornucopice  at  its  maximum. 

In  Quarry  3,  the  Caninia-OoXxX,^  is  finely  displayed,  resting 
upon  a  fossiliferous  band  in  which  Syringothyris  laminosa  is  a 
characteristic  form.  The  ill-developed  bedding  of  the  oolite 
indicates  continuity)  of  deposition  and  the  purity  of  the  oolite- 
structure  points  to  conditions  of  clear  but  shallow  water. 

In  Quarry  4  (Sj  and  Sj),  the  same  fossils  were  observed  as  in 
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the  Great  Quarry  at  the  corresponding  level  on  the  Clifton  side. 
Especial  interest  was  shown  in  the  prevalence  of  a  peculiar 
calcareous  breccia  which  exhibits  pisolitic  structure  on  a  large 
scale. 

No  further  stop  was  made  until  the  base  of  Dj  was  reached, 
where  the  abundance  of  Prodtutus  giganteus^  Cyathophyllum 
murchisoni  and  Dibunophyllum  6  was  immediately  remarked. 

After  re-passing  the  Great  Fault,  the  repetition  of  the 
sequence  along  the  side  of  the  towing-path  was  hurriedly 
reviewed  and  the  river  section  finally  left  at  the  foot  of  Rownham 
Hill,  where  tea  was  obtained. 

Halfway  up  this  hill  a  visit  was  paid  to  Rownham  Quarry 
where  D,  beds  are  worked.  (This  is  the  level  from  which  the 
Clifton  Corals,  so  widely-distributed  in  museums,  have  almost  all 
been  obtained.)  The  quarry  was  in  a  bad  state  for  examination, 
but  most  of  the  characteristic  fossils  were  obtained  {Lonsdaliay 
LithostroHon  portlacki^  L.  ensifer^  Froductus  cf,  iatissimus,  etc.). 
Attention  was  directed  to  the  recurrent  beds  of  patchy  limestone 
which  weather  into  rubbly  beds. 

The  Director  pointed  out  that,  although  these  are  the  highest 
beds  which  contain  Avonian  fossils  in  the  Bristol  area,  yet  they 
were  laid  down  at  an  earlier  date  than  the  Lower  Limestone  of 
Scotland  ;  and  that  the  Millstone  Grit  of  Bristol,  at  least  in  its 
lower  part,  is  the  equivalent  of  the  highest  subzone  of  the  Avonian 
(Dj)  in  the  Midlands  and  north  of  England. 

After  recrossing  the  river  by  the  Suspension  Bridge,  a  brief 
visit  was  paid  to  the  uppermost  Semirtu/a-beds  of  Observatory 
Hill.  A  thick  limestone  bed,  crowded  with  weathered  specimens 
of  Seminula  ficoideSy  was  examined  in  order  to  demonstrate  the 
internal  spiral  arms.  Finally,  the  party  was  shown  a  good 
example  of  the  peculiar  concretionary  beds  which  characterise 
the  top  of  S2  in  the  Bristol  district. 

The  thanks  of  the  Association  are  heartily  rendered  to  Mr.  E. 
Newton,  district  superintendent  of  the  Midland  Railway,  for 
permission  to  visit  the  cuttings  on  the  Avonmouth  lines  ;  and  to 
Prof.  Wertheimer,  Principal  of  the  Merchant  Venturers' 
Technical  College,  for  kindly  allowing  the  party  to  examine  the 
beds  in  the  Great  Quarry. 

Monday,  May  2oth,  1907. 

Excursion  to  the  Silurian  Inlier  of  the  Eastern  Mendits. 

Director:  Prof.  REYNOLDS. 

Leaving  Bristol  at  9.30  the  party,  numbering  about  50,  reached 
Shepton  Mallet  at  11.20.  There  they  were  joined  by  Mr.  H.  B. 
Woodward,  and  after  some  delay,  due  to  insufficient  carriage 
accommodation,  started  for  Beacon  Hill,  where  the  coarse,  ashy 
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<^nglomerate  is  exposed  at  the  Rifle  Butts.  Firing,  however, 
^■^as  going  on  and  rendered  a  visit  to  the  exposure  impossible. 
The  party  then  proceeded  to  Sunnyhill  Quarry,  where  the  finest 
Section  of  the  Silurian  igneous  series  occurs.  The  exposure 
shows  a  very  varied  series  of  tuflfs  about  loo  fL  thick  in  all, 
underlying  a  thick  mass  of  p3rroxene  andesite.  A  considerable 
number  of  fossils  were  found  in  the  lower  part  of  the  tuflf  section. 
Crossing  the  road  to  the  large  and  well-known  Moon  s  Hill 
quarry  good  specimens  of  the  lav-a,  which  here  as  e\er)-whtre 
^Ise  in  the  district  is  a  pyroxene  andesite,  were  collected.  Mr. 
H-  B.  Woodward  took  this  opportunity  of  congratulating  the 
I^irector  on  having  added  the  Silurian  to  the  map  of  Somerset. 
In  the  small  quarry  south  of  the  tunnel  a  block  of  tuff  was  found 
^hich  may  possibly  have  fallen  from  an  exposure  on  the  quarry 
fece.  No  tuff  has  yet  been  found  in  situ  at  Moon's  HilL  The 
P^rty  then  walked  across  the  fields  to  the  quarry  in  coarse,  .ishy 
conglomerate  to  the  east  of  Moon's  HilL  The  Director  explained 
the  various  suggestions  which  have  been  made  to  account  for 
^is  curious  deposit.  The  general  opinion  appeared  to  Ix:  that 
^he  rounding  of  the  blocks  could  only  have  been  accompl::*hed 
^*  Water  action,  and  certain  indications  of  bedding  which  were 
detected  in  the  finer  grained  material  were  held  to  support 
^Ws  view. 

The  next  halt  was  made  at  Tadhill,  the  spot  where  Silurian 
fossils  were  first  met  with  in  the  Mendips.  The  rock  here  is  a 
fine-^ined  felspathic  tuff,  and  though  the  trench  which  afforded 
2  good  section  of  the  material  had  been  filled  in,  many  fossils 
*ere  collected  from  the  loose  debris.  Most  of  the  fxirty  then 
bilked  across  the  fields  to  Downhead,  where  there  is  a  third 
^rge  quarry  in  pyroxene  andesite,  not  differing  materially  from 
the  rock  exposed  at  Moon's  Hill  and  Sunnyhill.  Joint  planes  in 
this  quarry  were  lined  by  a  peculiar  pale,  flexible  material,  which 
proved  on  examination  to  be  nearly  pure  magnesium  silicate. 

l^ejoining  the  brakes  at  Downhead,  the  party  drove  through 
the  beautiful  village  of  Mells  to  Frome,  where  tea  was  obtained 
at  the  Wallbridge  Hotel,  and  returned  to  Bristol  by  the  5.50 
train.  It  was  hoped  that  time  would  have  jiermitted  a  visit  to 
^^e  Vallis  quarries,  where  the  upper  beds  of  the  Inferior  Oolite 
rest  with  strong  unconformity  on  the  Carboniferous  Limestone, 
^ut  this  was  impossible,  though  a  distant  view  of  the  quarries  was 
<>tened  from  the  carriages. 

Ti;esi)av,  May  2ist. 

Director :  Mr.  T.  F.  SiBLV. 

T^e  party  left  Bristol  by  the  9.30  train,  and,  alighting  at 
Bunington  Station,  walked  to  Burrington  Combe,  where  the 
<'ay's  work  began.     The  basal  beds  of  the  Dibunophyllum-zov\e, 
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exposed  in  a  quarry  at  the  mouth  of  the  Combe,  were  first 
examined.  Ascending  the  Combe,  the  Seminula-zon^  which  is 
not  well  exposed,  was  passed  over,  and  the  next  halt  was  made  to 
examine  the  upper  beds  of  the  Syringothyris-zone.  The  strongly 
oolitic  nature  of  these  beds  was  noted,  and  several  specimens  of 
Cyathophyllum  ^,  a  characteristic  fossil,  were  obtained.  After  a 
brief  examination  of  the  lower  6yn/f^(^Mj^w-beds,  some  time  was 
devoted  to  collecting  from  the  highly  fossiliferous  limestones  of 
Horizon  y.  Numerous  fossils  were  obtained,  including  many 
specimens  of  Caninia  cyiindrtca^  the  great  abundance  of  which 
coral  characterises  this  level. 

Continuing  the  walk  up  the  Combe,  the  fine  escarpment  of 
Z2  limestones  on  the  south  side  of  the  road  was  noticed.  Some 
members  of  the  party  accompanied  the  Director  up  a  tributary 
ravine  to  examine  the  shales  of  the  lower  CUistopora-txm^ 
(Modio/a-phase)^  and  the  uppermost  beds  of  the  Old  Red  Sand- 
stone, exposed  in  the  stream-section.  Others  stayed  to  collect 
fossils  from  the  Zap/trenfis-btds,  The  attention  of  members  was 
drawn  to  the  disappearance  of  the  stream  in  a  swallet  beside  the 
road. 

Joining  the  brakes,  the  party  drove  over  the  Mendips  and 
down  the  magnificent  Carboniferous  Limestone  gorge  of  Cheddar. 
Time  did  not  permit  of  an  examination  of  the  fossiliferous  beds 
at  the  base  of  the  Semnu/azone,  but  a  halt  was  made  at  the 
quarry  lower  down  the  gorge,  and  fossils  were  collected  from  the 
upper  beds  of  Si,  there  exposed.  The  abundance  of  Lithostrotion 
viartini  in  these  beds  was  noted. 

Arriving  at  the  stalactite  caves  the  party  divided  into  two 
sections,  one  of  which  visited  Cough's  Cavern  and  the  other 
Cox's  Cavern.  A  few  energetic  members  found  time  to  see 
both. 

After  tea  at  the  Cliff  Hotel  the  party  returned  to  Bristol  by 
the  5.21  train. 

Wednesday,  May  22ND. 

Directors  :  Prof.  W.  S.  Boulton  and  Prof.  REYNOLDS. 

Leaving  Bristol  at  9.5,  the  party,  strengthened  by  a  contingent 
from  Clevedon,  reached  Weston  at  9.46,  finding  brakes  await- 
ing them.  They  then  drove  round  the  eastern  end  of  Worle 
Hill,  where  a  halt  was  made  at  the  quarries,  and  Mr.  Sibly  drew 
attention  to  the  overfold  in  the  Seminula  beds  due  to  the  reversed 
fault  traversing  the  hill.  Rejoining  the  brakes,  the  party  drove  to 
Woodspring  Priory,  whence  they  walked  along  the  ridge  to  the 
most  westerly  of  the  four  sections  of  igneous  rocks  which  here 
occur  interbedded  in  the  Carboniferous  Limestone  series.  The 
section  is  given  in  detail  on  p.  63  of  the  current  volume  of  the 
Proceedings.    Some  members  of  the  party  devoted  their  attention 
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to  the  underlying  limestone  (lior.  Zj),  which  is  one  of  the  richest 
collecting  grounds  in  the  Bristol  district.  The  second  and  third 
exposures  of  the  igneous  series  which  lie  about  half  a  mile  to  the 
east  of  the  first  were  then  visited,  and  here,  though  the  lava  is 
absent,  the  tuff  is  rather  thicker  than  in  the  western  exposure. 
Much  attention  was  paid  to  certain  sandy  bands  with  peculiar 
vertical  bodies  which  occur  at  the  top  of  the  igneous  series. 

Mr.  Sibly  contributes  the  following  note  as  to  the  position  of 
the  igneous  rocks  at  Woodspring : 

"The  horizon  of  the  igneous  rocks  in  the  Woodspring  ridge  can 
be  determined  with  considerable  accuracy,  and  the  following  facts 
are  worthy  of  special  mention.  In  the  westernmost  exposure, 
where  the  volcanic  series  attains  its  maximum  development,  the 
igneous  rocks  occur  immediately  under  horizon  y.  In  the  eastern- 
most exposure,  however,  where  the  igneous  series  is  represented 
only  by  a  few  feet  of  tuff,  this  tuff  occurs  at  the  top  of  horizon  y, 
and  is  immediately  overlain  by  the  unproductive  ^^  Laminosa-^ 
dolomites,"  the  basal  beds  of  the  SyringothyrtszonQ,  The  tuff 
seen  in  the  easternmost  exposure  must,  therefore,  be  of  later  date 
than  any  part  of  the  volcanic  series  seen  in  the  westernmost 
exposure." 

From  Woodspring  the  party  drove  through  Kew  Stoke  to 
Spring  Cove,  near  the  Old  Pier,  Weston.  Professor  Boulton 
described  the  main  features  of  the  basalt  lava-flow  in  the  lime- 
stone, which  is  here  exposed  from  the  cliffs  across  the  fore-shore 
to  low-water,  a  distance  of  about  150  yards.  The  special  features 
noted  were : 

{a,)  The  complex  character  of  the  flow :  the  coarse,  pillowy 
structure  at  the  cliff  end,  with  the  tuff-like  character  of  the 
basalt  between  the  spheroids. 

{b,)  The  lumps  and  masses  of  oolitic  limestone  (see  Plate 
IV,  Fig.  i),  now  largely  converted  into  dolomite,  and  in  many 
cases  apparently  picked  up  as  calcareous  mud  by  the  lava  and 
squeezed  into  spaces  between  the  spheroids  of  basalt. 

{c)  The  agglomeratic  character  of  the  middle  portion  of  the 
flow,  with  lumps  of  scoriaceous  basalt  (see  Plate  IV,  Fig.  2),  as 
well  as  limestone  embedded  in  a  coarse  ash,  all  showing  signs 
of  successive  outpourings  along  the  calcareous  floor  of  the  sea, 
and  not,  as  at  Middle  Hope,  the  deposition  of  ash  to  form 
stratified  layers  in  the  limestone. 

{d)  The  contact-phenomena  at  the  junction  of  the  limestone 
below  the  lava,  and  the  discoloration  and  dolomitization  of  the 
underlying  beds. 

After  tea  at  Huntly's  Restaurant  the  6.30  p.m.  train  was  taken 
for  Bristol,  and  the  excursion  brought  to  a  close,  most  of  the 
members  returning  to  London  by  the  7.24  train  from  Bristol. 
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Excursion  to  Portishkad. 

(^Report  hy  ProF.  REYNOLDS.) 

During  their  stay  at  Bristol  some  of  the  members  made  an 
unofficial  excursion  to  Portishead.  The  first  spot  visited  was  Fore 
Hill,  where  the  relation  of  the  Carboniferous  Limestone  to  the  Old 
Red  Sandstone  is  difficult  to  understand,  and  several  varying 
interpretations  based  on  faulting  have  been  suggested.  The  party 
then  proceeded  to  Battery  Point,  which  is  formed  of  limestone 
(hor.  /3).  A  short  distance  to  the  south  the  Cleistopora  beds  (K), 
which  are  finely  exposed  and  very  fossiliferous,  are  thrown  into  a 
series  of  small  flexures  probably  owing  to  a  reversed  fault  which 
brings  lower  beds  (hor.  a)  over  them.  At  this  point  the  party 
divided,  some  proceeding  via  the  limestone  quarries  of  the 
Portishead  and  Clevedon  road,  the  others  by  the  coast  path 
which  displays  a  splendid  series  of  unconformities  between  the 
Old  Red  Sandstone  and  Dolomitic  Conglomerate.  The  two 
sections  reunited  at  Walton  Castle,  near  Clevedon,  and  after  a 
visit  to  Coles'  Quarry,  where  the  superficial  deposits  are  of  much 
interest,  and  a  small  cave  has  yielded  many  bones,*  drove  back 
to  Bristol. 

The  President  during  the  course  of  the  excursion  took  the 
opportunity  of  thanking  in  turn  the  various  Directors  for  the 
great  interest  that  the  excursion  had  afforded  to  the  members. 

EXPLAXATION    OF     PLATE     IV. 

Fig.  I. — Mass  of  oolitic  limestone  embeddetl  in  basalt.  The  margin  of  the 
limestone  has  been  baked  by  the  hot  lava.  The  basalt  also  shows  veins  and 
strings  of  infiltrated  calcareous  matter. 

Fig.  2. — Spheroids  of  amygdaloidal  basalt  embedded  in  Tuff.  The  latter 
has  flowed  out  in  a  fragmenlal  condition,  carrying  lumps  of  basalt  with  it. 
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SEAFORL)    AND    NEWHAVEN. 

Saturday,  June   i.st,   1907. 

Director-,  J.  Vincent  Elsden,  B.Sc,  F.G.S. 

Excursion  Secretary' :  Mark  Wilks, 

(^Rfpott  hy  The  Director.) 

In  spite  of  threatening  weather,  a  party  of  ten  met  the  Excursion 
Secretary  at  London  Bridge  Station  and  travelled  by  the  9.45  a.m. 
train  to  Berwick  Station  on  the  L.  B.  &  S.  C.  Railway.  Here 
attention  was  drawn  to  a  section  in  the  railway  cutting  near  the 

*  Some  of  these  bones  were  exhibited  by  Dr.  H.  C.  Male  at  the  conversazione  in 
November  last. 
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Fig.  1.— Llmestone  Mass  in  Basalt,  Spring  Cove. 


Fig.  2.— Spheroids  of  Basalt  in  Tt  fk,  Si'kinc;  Cove. 

Photos  by  S.  //.  Rtynolds, 
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Station,  where  a  covering  of  coarse  gravel  rests  upon  Lower 
Greensand  on  the  loo  ft  contour  and  more  than  70  ft.  above  the 
level  of  the  Cuckmere  river.  A  brickyard  on  the  north  side  of 
the  line  is  on  Weald  Clay,  so  that  the  junction  here  is  not  far 
from  the  railway  cutting.  The  examination  of  this  feature, 
not  being  included  in  the  day's  programme,  the  party  set 
out  along  the  field  path  to  Selmeston,  near  which  place  a 
sand  pit  shows  some  fifteen  feet  of  ferruginous  sand  in  the  top- 
most part  of  the  Lower  Greensand.  The  junction  with  the 
Gault  was  not  seen  in  this  pit,  but  was  formerly  exposed  near 
the  church  close  by,  in  a  sand-pit  now  disused.  A  search  was 
here  made  for  the  Gault  basement-bed,  but  without  success,  as 
the  section  was  obscured  by  slips  and  overgrowth.  Clayey  sands, 
possibly  from  the  base  of  the  Gault,  were  seen  in  places  on 
the  east  side  of  the  pit,  but  on  the  west  side  Lower  Green- 
sand is  alone  exposed.  This  pit  has  a  special  interest  as  being 
the  supposed  locality  whence  Mantell  procured  from  the  Gault 
basement-bed  the  specimen  of  Zamia  (Pinites)  SusscxiensiSy 
described  by  Mr.  Carruthers  as  unique.* 

Bristow's  description  of  the  section  formerly  exposed  here  is 
as  follows  : 

I  Dark  oHvc-j^reen  clayey  sand. 
Gai'LT.  \  Grey  and  ferruginous  sand  with  phosphatic  nodules 

I  and  fossil  wood  =  basement  bed.     6  inches. 

Lower  Greensand.  Greenish-white   sand,   with  green  grains,  weathering, 
ochreous  brown. 

The  Director  called  attention  to  the  fact  that  when  he 
examined  this  section  in  1886  there  was  exposed  a  large  pocket 
of  coarse  gravel,  similar  10  that  seen  near  Berwick  railway 
station.  This  is  figured  in  a  paper  published  in  the  Quarterly 
Journal  of  the  Geological  Society,^  These  gravel  patches  are 
frequently  found  occupying  the  higher  contours  in  the  southern 
margin  of  the  Weald,  and  in  this  area  are  almost  on  the 
watershed  between  the  valleys  of  the  Cuckmere  and  the  Ouse. 
They  form  part  of  the  angular  flint  drift  first  described  by 
Murchison,J  and  similar  deposits  have  been  noted  on  the 
watersheds  of  all  the  river  basins  of  the  southern  Wealden  area. 
Their  precise  age  and  origin  remain  still  somewhat  obscure. 

The  walk  was  continued  along  the  road  towards  Alciston,  and 
it  was  noted  that  stiff  clays,  presumably  Gault,  had  been  thrown 
up  out  of  roadside  trenches  between  the  "  Barley  Mow  "  Inn  and 
the  sign- post  The  width  of  the  Selbornian  outcrop  is  scarcely 
more  than  a  mile  at  this  place,  and  at  Alciston  the  boundary 
between  the  Upper  Greensand  and  the  Chalk  is  reached. 


•  Gtol.  Mag.,  Yol.  iii,  p.  511 

t  J.  v.  Elsden    "On   tht  __^ ,    _. 

WeaJdeo  Area  "  Quart.  Joum,  G0OI.  Soc,  vol.  xllii,  p.  647  (1887). 


v.  Elsden    "  On   the  Superficial  Geoloj^y  of   the  Southern  Portion  of  the 
I  Area."  Quart.  Joum,  G0OI.  Soc,  vol. :  '■" 
X  Quart.  Joum.  Geol.  Soc,  vol.  vii,  p.  349. 
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At  Alciston  some  large  boulders  of  greywether  sandstone 
were  noted.  They  are  at  an  altitude  of  172  ft.  O.D.,  and  their 
origin  will  be  discussed  below. 

Rain  had  so  far  been  falling  freely,  and  the  walk  from  Alciston 
to  Alfriston,  along  the  base  of  the  chalk  escarpment,  was  accom- 
plished under  conditions  of  considerable  discomfort,  during  which 
the  marly  character  of  the  surface  was  disagreeably  evident. 
The  absence  of  hard  beds  from  the  Upper  Greensand  in  this 
locality  renders  its  outcrop  much  less  noticeable  from  surface 
contours  than  is  usually  the  case  farther  to  the  west,  where  a  con- 
spicuous terrace  exists.  It  is  noteworthy,  also,  that  the  hard  beds 
of  malmstone  reappear  in  the  Upper  Greensand  at  Eastbourne, 
where  they  have,  in  the  past,  been  quarried  for  building  stone  for 
local  use. 

At  Alfriston,  after  a  short  halt  at  the  famous  "  Star  "  Inn,  a 
visit  was  paid  to  the  Church,  where  the  Vicar,  the  Rev.  C. 
Doughty,  met  the  party  and  very  kindly  pointed  out  several 
features  of  geological,  architectural,  and  antiquarian  interest 
The  Church  is  a  fine  specimen  of  squared  flint  architecture.  It 
is  a  cruciform  structure  of  the  14th  century,  showing  a  transition 
between  the  Decorated  and  Perpendicular  styles.  There  are  piers 
and  dressings  of  sandstone  from  the  Eastbourne  quarries  referred 
to  above.  The  same  stone  seems  to  have  furnished  the  shaft  of 
the  old  market  cross,  which  is  noteworthy  as  being  the  only 
example,  except  that  at  Chichester,  still  remaining  in  Sussex. 

At  Alfriston  a  considerable  number  of  greywethers  occur,  and 
are  apparently  often  in  their  natural  positions.  Those  previously 
seen  at  Alciston  appear  to  have  been  moved  for  the  purpose  of 
forming  boundary  stones.  These  greywethers,  sarsen  or  Druid 
stones,  are  fairly  plentiful  either  upon  or  near  the  chalk  in  certain 
localities,  and  are  generally  admitted  to  be  relics  of  Lower  Tertiary 
beds.  It  is,  therefore,  especially  interesting  to  determine  to  what 
extent  they  occur  in  sitii,  and  how  far  they  may  be  taken  to  in- 
dicate the  former  extension  of  Tertiary  strata.  Their  present 
distribution  is  distinctly  sporadic,  and  their  nearest  occurrence 
in  any  number  in  this  neighbourhood  is  near  Brighton  and 
Falmer.  It  has  been  suggested  that  the  Ancient  Britons  may 
have  regarded  these  hard  sandstones  with  superstitious  venera- 
tion, since  they  employed  them  largely  for  temples,  sepulchral 
monuments,  altars,  and  for  other  purposes.  It  must  not  be  for- 
gotten, also,  that  in  places  where  hard  stone  is  scarce  they  may 
have  been  used  for  various  economic  purposes,  and  many  have 
probably  been  broken  up  for  mending  roads.  These  stones  afford 
a  striking  example  of  the  close  connection  which  often  exists 
between  geology  and  archaeology,  for  neither  science  is  in  a 
position  to  draw  accurate  conclusions  as  to  the  significance  of  the 
distribution  of  these  stones  without  the  help  of  the  other.  If, 
therefore,  it  is  admitted  that  the  Alfriston  boulders,   which  are 
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<>ften of  large  size  and  """efzh  srereril  idcs.  irr  ntrirlj  ;>  -.-•..  m-T 
'*Just  be  taken  to  indicate  2  ficn^tr  r:»!isi*ri:uz  entrss  :t.  :•'  r^r 
Lover  Tertiary  beds.* 

From  Alfriston  the  pinj  zr:»Derr5rf  ':;.  ibt  rz-.^i  iivzrir 
^^eaford,  along  which  arc  sereral  chili  z-n-s.  'w-i-::!  vtr::  :■-!»  hL>r.> 
^■varained  The  lai^e  ::".iarr>-  hrrrjt2.±  ibt  Ti:-ii=L__  :>>-  :".i  -.ri 
attention.  This  shoirs  chalk  iriih:*-:  f  i-is.  i.-  »-TJ-=^-cri  rn-ii? 
of  solid  chalk,  al:ernar:-iz  ""^ih  s-'-^f:  zii-'y  seirr.^L  T.-jr  :■• .  v  •':■;.  ^  li 
found  were  Rh\nc?ii>9u*^j  f^iSf^ris.  LrJrL^  srti  a  rt-ry  ."firr'z-r: 
^^^(bratula.  The  quarry  is  p«r:'b£b>  :r.  iht  M.ii.-  CniliL  f  -  t 
^little  farther  along  the  road  fir^rr  ..-ilJj  :-:';»-  :c:  *. ;.  :it  r  .11- 
*Jde  Patches  of  gravel  ocrjr  htrrt  rn  placrr?-  z.rjd  :V:c:  :rt  r 
position  appear  to  be  terrace  zrsvtls  of  trjr  Cjiiin-err  r.vT-. 
^hev  are  about  fifty  fee:  aiovr  :he  preser.:  river  Irvtl 

In  a  dip  about  half  a  m: :e  imher  on  there  :^  2  ^zlil!  r  :.*!-;  Jr 

Q^Jarry  in  flinty  chalk,  as  well  2.?  2  z»f  exi^t-s^re  ir.  the  mif- 

^•-itting,  where  well-marked  band?  of  u'tiul^r  fir.:  ^re  f-een.     Tr.e 

director  stated  that  he  had  prei-lc  i^'.y  ootsiDed  here  :*r.e  follDwir  .• 

dossils,  which  had  been  kindly  Crtermnrd  t  y  Mr.  H.  A.  Alle-..  -v 

^^^  Geological    Survey  :    Min^JiUr   pr.irurs.-r^    Kow-     Cii2r:s 

^^'txvij^era^  Koenig,  Cidan's  s:€^triffra.  Mant-.  E.'himrcf^j  snifiT..s^ 

^-^ske,  Porosphara  i;lobuIaris^  PhiL,  PorcsT'iira  f-utcrus^  Lam., 

'^J^niylus  spinosusj  Sow.     This  assemblage  sGircely  nxes  the  z^nr 

"^ith  certain t>-,  but  it  would  seem  to  indicate  a  low  horizon  ;::  the 

^-^TPer  Chalk.     It  may  be  incidentally  mentioned  here  that  i-  the 

^pper  Chalk  of  Alfriston  there  have  been  fo-nd  rhomlohccr:;! 

^•stals  of  calcite  of  remarkable  whiteness  and   purity,  cl.-seiv 

^^mbling  Iceland  spar,  and  differing  from  the  yellow  columnnV 

^"aricty  known  jxjpularlv  as  "sugar  candv."  so  often  c;c:  w-*'-  --i 

^W  chalk. 

Ascending  the  hill  to  Hindover,  a  fine  view  js  obta'n-jd  o\  the 
^ole  Cuckmere  gorge  from  the  chalk  escarpment  to  the  sea.  w  here 
^he  river  mouth  has  Ix-en  strongly  deflected  uy  the  ea>terlv  drift 
^  the  shingle.  A  reference  to  the  phy?iographical  features  o:" 
tnis  area  and  the  denudation  of  the  Weald  had  Ur^n  contcmphtew 
^^e,but  rain  was  again  falling,  and  the  lime  having  aire:;dv  U. en 
considerably  shortened  by  stress  of  weather,  the  party  pressed  on 
towards  Seaford.  Near  the  cemfclcr>-  a  large  quarry  in  the  chalk 
^f5  passed,  and  the  I  )irecior  enumerated  the  following  fossils 
which  he  had  recently  obtained  from  it:  Crania  e^fi.jtcr't.<i< 
^^^^-^T.s/n'afa;  ficten^sp.,  Rhynch  mciia^  >\).,Ostna,  sp.,  C.?ri- 
^phyllia  qlindracfa^  Reuss,  Spondylus  latus.  Sow..  Bryozoa  and 
^>5icles  of  star  fish.  Mr.  Allen  had  again  kindiv  made  the 
determinations  of  the.se  fossils.  The  chalk  here  is  soft  and  ilakv, 
^'th  many  large  flints.     The  exact  horizon  is  not  certainly  in- 

ri...l^?''^«'^'^*  '^^  '**«  occurrence  of   (fteyweihers  in  other  localities,  sor  Pres'wich 
i/jJJ./cam.  Gtol.  Soc.,  vol.  x,  pp.  rs  et  itq.;  also  Whitaker.  xbid.,  vol.  xviii,  pp.   \-\ 
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dicated  by  the  above  scanty  fauna,  although  the  Actinocamax 
gtiiidratus-zoT\Q  would  be  suspected  from  the  sequence  and  strike 
of  the  beds  in  the  cliff  section  near  at  hand. 


Fig.  1 7. —Geological  Map  of  the  Nkwhaven  Outliers. 
—  ^K    Whitaker, 

Scale  I  inch  to  a  mile. 

a,  London  Clay.  c.  Chalk. 

b,  Woolwich  and  Reading  Beds.  d.  Alluvium. 

X    X   Between  these  points  the  Chalk  is  capped  by  a  wash  of  the 
Tertiary  Beds. 

(Reproductd  by  kind  pgrmission  0/  the  Council  0/  th*  Geological  Society.) 


At  Seaford,  on  reaching  the  golf  links,  an  inspection  was 
made  of  a  sand  pit  in  the  Tertiary  outlier  on  the  western  flank 
of  Seaford  Head.  Here  about  12  ft.  of  ferruginous  sand,  with 
large  muscovite  flakes,  glauconite  grains,  and  some  ferruginous 
concretions,  are  exposed.  These  are  in  the  Woolwich  and 
Reading  beds,  and  represent  the  lower  part  of  the  Tertiary  series 
seen  at  Newhaven.  On  the  cliff  the  same  beds  are  seen  resting 
on  the  Chalk,  with  a  concretionary  band  of  flints,  sometimes 
green-coated,  at  the  base.  There  are  no  fossils  in  this  exposure. 
The  underlying  chalk  is  in  the  ActtNOcamax  quadratus-7.on^  as 
determined  by  Dr.  Rowe,  and  specimens  of  Offaster  pii/u/a. 
Lam.,  Rhynchonella  plicatilis^  Sow.,  Echinocorys  scutatus,  Leske, 
var.  gibba  occur  in  it.  The  state  of  the  tide  did  not  permit  of 
an  examination  of  the  Marsupites-zonCj  which  is  well  exposed  in 
the  cliff,  east  of  the  stone  groyne.  The  strata  have  a  pronounced 
westerly  dip,  whereas  at  Newhaven  the  bedding  is  nearly 
horizontal.  The  party  now  proceeded  to  the  railway  station  and 
took  train  to  Newhaven  Harbour,  observing  on  the  way  sections 
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of  Chalk,   capped  by  flint  gravel,  and  presenting  a  markedly 
corroded  surface. 

Crossing  the  harbour  by  the  ferry,  the  ascent  of  Castle  Hill 
soon  brought  into  view  the  ancient  British  earthworks,  in  which 
are  exposed  good  sections  of  the  Tertiary  outlier,  resting  upon 
Chalk  of  the  Actinacamax  quadratus-zont.  The  full  succession 
is  as  follows  : 


Post  Tertiary. 
London  Clay. 


Woolwich  and 
Reading  Beds. 


Chalk. 


Coarse  red  gravel  and  sand,  about  15  ft.  thick. 

Clay,   about  10  ft.  thick,  consisting  of  brownish  clays 

and  loams,  with  a  Ixisement-bed,  about  I  ft.  thick, 

of  sandy  clay  with  flint  pebbles. 
'  Laminated  bluisn-grey  clays,  about  5  ft.  thick. 
Shell  beds,  with  ovster  bed,  passing  into  shelly  clays, 

about  6  ft.  thick. 
Light-coloured  sands  and  clay,  about  6  ft.  thick. 
Laminated  clays  and  marl,  about  10  ft.  thick,  with  thin 

shell  beds. 
Thin  beds  of  sandy  clay  with  lignite,  6  in.  thick. 
Bluish  clay  and  marl,  weathering  brown,  with  selenite, 

12  ft.  thick. 
Sand,  20  ft.  thick,  yellowish-green  or  mottled. 
Flint  breccia,  about  2  ft.  thick,  with  green-coated  and 

iron-stained  flints,  embedded  in  green  sand  and  often 

cemented  to  a  hard  projecting  band. 
^Clay,  varying  in  thickness,  not  more  than  \\  ft.  contain- 
ing selenite  and  Websterite  locally. 
Chalk  of  the  Actinocamax  guadratus-zont. 


Owing  to  many  slips  and  falls  of  the  cliff  the  sequence 
'2,^  Xhis  section  is  difficult  to  see.  Mr.  Whitaker's  diagram 
J.  ^^.  18)  shows  why  later  observers  have  recorded  beds 
SVier  in  the  series.  The  basement  bed  of  the  London  Clay 
^!?|^  first  noted  by  Prestwich  in  1854.  The  junction  with  the 
^^^^Ik  is  especially  difficult  to  examine  ///  situ  at  all  times,  and 


aft 

so 

oft: 


impossible  on  this  occasion  in  the  slippery  state  of  the  cliff 

^  so   much  rain.     It   is  a  ferruginous,  flinty   conglomerate, 

ewhat  like  that  seen  at  Seaford,  but  containing  much  selenite, 

^j^^ii  in   large  crystals,  and  also   the  hydrous   sub-sulphate  of 

*^*^ina,  known  as  Websterite,  or  Aluminite.     This  occurs  in 

"^^■^sive  form,  often  tabular,  and  is  dull  white  in  colour,  with  an 

^•"^liy  fracture.     With  it  is  sometimes  found  friable  masses  of 

V^':«iinium  hydrate,  resembling  magnesia  in  appearance.     These 

"^^5^erals  result  from  chemical  reactions  in  the  strata,  in  which  the 

^^^dation   of  pyrites  and   Hberation   of  sulphuric  acid  are   the 

P^«^ary  factors.      Aluminium   sulphate  and   selenite  are   then 

*^^0:ied,  and  the  basic  salt  is  probably  a  result  of  hydrolysis. 

^I^^CDd  specimens  can  often  be  got  from  the  fragments  of  con- 

S^rnerate  lying  at  the  base  of  the  cliff.     The  fossils  found  in  the 

V^^^lwich  and  Reading   beds  here  include  Ostrea  bellovadna^ 

^clania  inquinata,  Cyrenay  Cerithium^  MeianopsiSy  CypriSy  UniOy 

^     'Well  as  fish  teeth  and  plant  remains.     The  London  Clay 

^^oc.  Geol.  Assoc.,  Vol,  XX,  Part  3,  1907.]  13 
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occupies  a  veiy  small  area  on  the  cliff  top  in  this  particular 
exposure,  and  on  the  present  occasion  was  not  recognised  in  the 
cliff  section.  It  was  formerly  exposed  in  the  castle  moat,  now 
bricked  up,  and  will  probably  be  better  seen  when  the  cliff  has 
receded  farther. 

A  thick  coating  of  flint  gravel  covers  the  top  of  the  hill  at  an 
altitude  of  about  1 80  ft.  above  sea  level.  This  is  probably  the 
equivalent  of  the  "  Head "  or  Elephant  Bed  covering  the 
Brighton  raised  beach,  in  which  case  it  would  be  classified  as 
Coombe  Rock,  of  which  there  are  numerous  patches  scattered, 
at  various  elevations,  over  the  chalk  area  in  this  neighbourhood. 
The  term  Coombe  Rock  is  of  purely  local  origin,  and  was  first 
used  geologically  by  Mantell*  The  deposits  have  been  described 
in  detail  in  recent  years  by  Mr.  Clement  Reid.     It  is  believed  by 
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Fig.  18.— Diagram    Section   of  the  Cliff  a  Quarter  of  a  Mile 
West  of  Newhaven  Harbour.— U'.  Wkitahr, 


a.  London  Clay. 

b,  Woolwich  and  Reading  Beds. 


c.  Chalk. 
Gravel  omitted. 


The  dotted  lines  show  the  former  continuation  of  the  various  beds. 
{Reproduced  by  kind  permisiion  of  the  Council  of  the  Geological  Society.) 


him  to  have  been  the  result  of  tundra  conditions  during  the 
glacial  period,  when  the  surface  drainage  was  disturbed  by  the 
impermeability  of  the  frozen  soil.  The  stones  in  this  gravel 
consist  largely  of  angular  flints,  with  some  fragments  of  ironstone, 
which  latter  may  have  been  derived  from  Tertiary  beds.  It  is 
evidently  of  tumultuous  origin,  and  its  distribution  seems  to 
possess  but  little  relation  to  existing  lines  of  drainage. 

After  passing  some  time  in  the  examination  of  the  Castle  Hil' 
section  the  party  proceeded  to  the  Sheffield  Hotel,  where  tea  wa 
provided.      The  chair  was  occupied  by  the  President,  and,  afte 
ihe  customary  vote  of  thanks  to  the  Director,  a  start  was  made  t 
the  railway  station  for  the  return  journey  to  London. 

Bad  weather  greatly  maired  an  excursion  which  would  oth< 
wise  have  afforded  much  enjoyment  on  account  not  only  of  I 
variety  of  the  geological  features,  but  also  of  the  attract 
scenery  along  the  route. 

•  "  Geology  of  the  Souih-Easl  of  England,'  p.  31  (1833). 
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EXCURSION    TO    CROWBOROUGH. 

Saturday,  June  8th,  1907. 

Dirtclor:  The  President  (R.  S.  Herries,  F.G.S.). 

Excursion  Secretary  :  A.   H.  Williams. 

(^Report  by  The   DIRECTOR.) 

The  members,   18  in  number,  left    Ix)ndon    Bridge  Station  by 
the  12.25  train,  arriving  at  Crowborough  at   2.16.     Here  they 
were  met  by   one  of  the    staff   of    the   Crowborough    District 
Water  Company,  who  had  been  kindly  sent  by  Mr.  Middleton, 
Xht,  resident  engineer  and  manager.     As  there  was  not  time  for 
the  party  to  visit  the  Waterworks,  Mr.  Middleton  had  sent  for  their 
inspection  the  cast  of  the  footprint  of  a  large  Iguanodon,  which 
had  been  discovered  some  time  previously  during  the  progress  of 
excavations  there.     The  footprint  was  in  the  roof  of  the  excava- 
tion, and  had  been  subsequently  cut  out  and  sent  to  the  Brighton 
Museum.     The  cast  was  examined  by  the  members  with  much 
interest,   and    a    special    vote    of    thanks   was   passed   to   Mr. 
Middleton  for  his  kindness  in  sending  it  for  the  party  to  see. 
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Dr.  George  Abbott,  who  was  present,  had  brought  some 
photographs  of  the  footprint,  which  he  kindly  exhibited.  The 
party  then  entered  the  large  brickyard,  near  the  station,  belong- 
ing to  the  Crowborough  Brick  Company,  by  whose  kind  permis- 
sion they  were  allowed  to  visit  it.  This  shows  a  section  of  whitish 
sands  and  clays,  with  occasional  beds  of  lignite  and  some  clay 
ironstone.  The  sandy  beds  harden  into  sandstone  in  places. 
There  are  a  good  many  impressions  of  vegetable  matter,  and 
some  specimens  of  Unio  were  noted.  This  brickyard  and  the 
station  are  situated  at  the  foot  and  on  the  east  side  of  Crow- 
borough  Beacon  Hill,  in  the  hamlet  of  Jarvisbrook,  at  a  level  of 
about  400  ft.  O.D.  The  Director  explained  that  these  beds 
formed  part  of  the  series  known  as  the  Ashdown  Sands,  one  of 
the  sub-divisions  of  the  Hastings  Sands.  He  added  that  all  the 
beds  that  would  be  seen  that  day  belonged  to  that  division,  so 
far  as  could  be  ascertained.  As  the  lop  of  the  hill  was 
approximately  800  ft.  O.D.,  and  the  beds  were  nearly 
horizontal,  there  being  only  a  slight  dip  in  places,  generally 
away  from  the  hill,  it  would  appear  that  their  thickness  must 
be  at  least  400  ft.  The  beds  are  very  similar  throughout, 
sands  and  sandstones  alternating  with  clay,  the  former  pre- 
dominating. The  series  at  Crowborough  was  not  capable  of 
sub-division,  but  probably  the  lower  portions,  namely,  those  at 
Jarvisbrook  and  in  Crowborough  Warren,  were  the  equivalents  in 
time  of  the  so-called  Fairlight  Clays  of  the  district  east  of 
Hastings,  though  in  the  Director's  opinion  these  had  been 
separated  from  the  Ashdown  Sands  on  insufficient  grounds. 

Passing  through  the  brickyard,  the  party  proceeded  to  ascend 
the  hill  towards  the  golf  links  on  Crowborough  Common. 
Another  brickfield  about  100  ft.  higher  than  the  large  one 
near  the  station,  indicating  another  clay  bed,  was  briefly  in- 
spected, and  150  ft.  higher,  at  about  650  ft.  O.D.,  the  members 
came  out  on  the  common,  and  the  fine  view  to  the  south  was 
pointed  out.  From  here  the  South  Downs  are  well  seen  ending 
near  Eastbourne,  and  broken  by  the  well-marked  gap  of  the 
Cuckmere  valley  and  the  less  obvious  one  of  the  Ouse.  To  the 
east  the  high  ground  about  Heathfield  could  be  seen  marking 
another  anticlinal  axis  of  these  lower  Wealden  Beds.  The 
party  then  examined  the  stone  quarry  close  by,  on  the  east  side 
of  the  golf  links.  Here  the  sandstone  is  worked  in  very 
large  blocks  which  makes  a  good  building  stone,  and  some 
curious  small  squares,  like  setts,  of  clay  ironstone  were  noticed. 
There  are  flaggy  partings  between  the  courses  of  sandstone  and 
one  thicker  bed  ot  clay.  There  is  an  abundance  ol  more  or  less 
obscure  vegetable  remains  in  the  sandstones.  A  slight  dip  is  seen, 
its  direction  being  away  from  the  hill,  that  is  to  say  rather  east 
of  south.  There  are  similar  workings  on  the  other  or  west  side 
of  the  golf  links,  and  at  the  outlying  part  of  Crowborough,  called 
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AVhite  Hill,  a  little  north  of  the  road  up  which  the  party  had 
come,  and  there  are  other  building-stone  quarries  in  the  neigh- 
bourhood. 

Skirting  the  golf-links  the  party  came  out  on  the  mam 
xoad  to  Uckfield  near  the  club  house,  and  the  Director  pointed 
out  the  view  over  Ashdown  Forest,  a  desolate-looking  tract  of 
heath-land  with  occasional  clumps  of  fir  trees,  stretching  away  to 
the  west,  and  forming  practically  a  continuous  ridge  with 
Crowborough  Beacon.  This  ridge  forms  the  watershed  of  the 
Medway  and  the  Ouse.  The  streams  that  feed  the  former 
river  are  deeply  cut  back  into  this  ridge,  and  one  of  the  best 
examples  is  that  which  flows  through  Crowborough  Warren. 
It  rises  about  a  mile  south  of  the  place  where  the  party  were 
standing,  and  almost  immediately  cuts  out  for  itself  a 
narrow  valley  about  400  ft.  deep,  round  which  the  ridge  of 
Crowborough  Beacon  and  Ashdown  Forest  seems  to  form  a  sort 
of  semicircle.  The  Director  conducted  the  party  through  the 
Warren  down  the  sides  of  the  valley  to  the  old  Mill,  where  there 
is  a  small  lake.  The  members  then  walked  down  the  valley, 
passing  a  little  chain  of  lakes  to  the  new  Mill.  The  scenery  is 
very  wild  and  beautiful,  having  all  the  appearance  of  that  of  a 
valley  in  a  mountainous  region.  A  discussion  took  place  as  to 
how  such  a  valley  could  be  Ibrmed.  The  Director  had  no  doubt 
that  it  was  the  effect  of  sub-aerial  denudation,  and  he  thought  it 
was  rapidly  formed,  and  in,  geologically  speaking,  comparatively 
recent  times.  The  puzzle,  however,  is  to  account  for  the  power 
that  would  excavate  such  a  deep  valley  in  such  a  short  distance 
from  its  source.  It  cannot  be  accounted  for,  as  in  some  similar 
cases,  by  there  having  been  originally  higher  ground  farther  back, 
because  during  the  period  of  formation  this  could  not  very  well 
have  been  the  case,  but  the  Director  pointed  out  that  the  character 
of  the  strata  would  lend  itself  very  easily  to  rapid  denudation,  both 
the  sand  and  clay  of  the  Ashdown  Sands  being  easily  washed 
away  by  the  action  of  water,  and  the  alternations  of  these  beds 
would  be  favourable  to  the  formation  of  springs  at  various  levels. 
A  small  section  of  sandstone  was  seen  at  the  new  Mill,  and  then 
the  party  reascended  the  hill  towards  St  John's  Church,  where 
there  is  another  sandstone  quarry.  This  showed  a  section 
similar  to  that  on  the  other  side  of  the  hill,  with  the  usual 
alternations  of  sand,  clay  and  rubbly  matter.  The  dip  is  slightly 
to  the  north,  />.,  in  the  opposite  direction  to  that  of  the  beds  on  the 
golf  links.  A  rather  curious  disarrangement  of  the  beds  was  seen 
on  the  west  side  of  the  quarry,  which  has  somewhat  the  appear- 
ance of  either  a  sharp  fold  or  a  thrust  fault,  the  upper  beds 
dipping  to  the  north  and  those  below  to  the  south  ;  the  upper  ones 
at  first  sight  being  apparently  bent  over  so  as  to  be  continuous 
with  those  below.  This  apparent  disturbance  is,  however, 
probably  the  result  of  false  bedding,  as  if  it  had  been  either 
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fold  or  a  fault  it  would  have  been  noticeable  before,  and  it 
certainly  was  not,  when  the  Director  was  at  Crowborough  two 
years  previously.  From  this  spot  a  good  view  was  obtained  of 
the  Lower  Greensand  range  to  the  north,  and  the  chief  features 
were  pointed  out.  The  party  then  found  their  way  through 
Crowborough  Cross  to  the  Red  Cross  Hotel,  where  tea  was 
provided,  there  being  no  time  to  walk  to  the  summit  of  the 
Beacon,  803  ft.  After  tea,  and  the  usual  vote  of  thanks  to  the 
Director,  the  members  proceeded  down  the  hill  to  the  station 
and  returned  to  London  by  the  8.25  train. 
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EXCURSION      10     ALDBURY     AND     IVINGHOE. 

June  15TH,  1907. 

Director:  H.  Kidner,  F.G.S. 

Excursion  Secretary :  T.  W.  Reader. 

{Report  hy  THE  DIRECTOR.) 

Rain  fell  in  torrents  during  the  morning,  and  only  nine  members, 
including  the  President,  gathered  at  Euston  for  the  12.20  train 
to  Tring.  One  member  joined  later,  bringing  the  number  up  to 
ten.  On  the  journey  down  the  weather  gradually  improved,  and 
on  arrival  at  Tring  station  the  sun  was  shining.  A  waggonette 
in  waiting  conveyed  the  party  to  Aid  bury,  where  the  old  stocks, 
with  its  attached  whipping-post,  was  seen  standing  in  the  centre 
of  the  village  near  the  pond.  The  road  to  the  right  was  ascended 
past  a  disused  pit  in  the  Terebratuiina-zov\Q  of  the  Chalk.  The 
face  of  the  pit  is  covered  with  scree,  and  only  a  few  fragments  of 
fossils  have  been  found.  -Sir.  Ashby's  brickfield  (about  620  ft. 
O.D.)  near  Aldbury  Common,  was  next  visited.  Here  was  seen 
a  deposit  of  loamy  Brick-earth,  very  sandy  in  places,  evenly 
stratified,  worked  to  a  depth  of  20  ft.,  but  traced  to  a  further 
20  ft  below.  Here  and  there  in  the.  brick-earth  are  found  small 
flint  pebbles  and  pieces  of  angular  flint,  singly  or  in  pockets. 
The  deposit  consists  of  re-deposited  Tertiary  material,  and  rests 
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on  chalk  of  the  Holasier  pianus-zont.      Its  formation  occurred 

probably  before  the  erosion  of  the  existing  river  valleys  in  the 

chalk,  and  when  the  escarpment  was  farther  northwards  than  at 

present     The  erosion  and  removal  of  the  Tertiary  deposits  of 

the  area  were  succeeded  by  a  period  of  deposition.      An  accumu- 

kition  of  deposits  southward  in  Glacial  times,  aided  possibly  by 

earth-movement,  and  the  configuration  of  the  chalk  surface  may 

have  held  back  streams  flowing  down  the  dip-slope,  and  thus 

have  caused  the  formation  of  a  lake  in  which  the  clays  and  sands 

of  Tertiary  beds  to  the  north  brought  down  by  these  streams 

were  deposited.      Floating  roots  of  trees  may  have  carried  and 

dropped  the  pebbles  and  flints.     Along  the  top  of  the  pit  was 

observed  a  thick,  irregular  deposit  of  clay  full  of  angular  pieces 

of  flint  with  some  flint  pebbles  and  a  very  few  small  ones  of 

quartz.     A  hole  recently  dug  in  one  corner  had  resulted  in  the 

discovery  of  a  mass  of  clay  12  to  14  ft.  thick,  brilliantly  coloured 

in  various  shades  of  purple,  red  and  green.     Near  the  top  an  oval 

shaped  mass  of  fine,  pale  sand  was  suggestive  of  its  having  been 

thrust     into    the    clay    while    in    a    frozen    condition.      Large 

flints  were  found  in  the  lower  part  of  the  clay,  and  extending 

through  the  mass  in  two  places  were  irregularly  contorted  layers 

of  flint  pebbles.      Mr.  Herries  was  of  opinion  that  these  layers 

had   the  appearance  of  Tertiar)'  pebble  beds,    their  contortion 

being  due  to  the  clay  and  its  contained  pebbles  having  been 

considerably  squeezed  by  lateral  pressure.     The  clay  appeared  to 

consist  of  one  thick  mass  doubled  up,  or  of  two  masses  pressed 

against    each    other,   the   beds    of    one    part    seeming    to    be 

horizontal  and  of  the  other  approximately  vertical.     Much  sand 

Has  found  amongst  the  clay,  the  whole  mass  being  undoubtedly 

of  Reading  age,  its  position  and  features  being  in  all  probability 

attributable   to   glacial   conditions.      The   drive   was   continued 

through    Ringshall,  past   the   Tertiary   Outlier   maj^ped   by  the 

Survey.     The  holes  dug  for  sand  were  examined,  but  these  are 

Oiuch  overgrown,  and  it  was  impossible  to  verify  by  superficial 

observation  whether  this  is  actually  an  outlier  or  only  re-deposited 

Tertiary   material.      After    passing    Ivinghoe   Common   it   was 

pointed  out  that  the  road  was  over  800  feet  O.D.,  this  being  one 

of  the  highest  parts  of  the  Chilterns.      Near  Ivinghoe  Beacon 

the  conveyance  was  discharged,  the  remainder  of  the  way  being 

trarersed  on  foot.     On  the  summit  of  the  Beacon  (762  ft.  O.D.) 

^  high  wind  and  driving  rain  spoiled  the  view,  and  necessitated 

a   hasty  retreat.     Nevertheless,  the  views  of  Dunstable  Downs, 

of  the  chalk  escarpment  towards  Wendover,  and  of  the  expansive 

vale  of  Aylesbury   were  admired.     It   was   explained   that   the 

summit  of  the  hill  is  above  the  chalk  rock,  and  in  the  Holaster 

planus  zone.     Ivinghoe  Beacon  was   visited  by  a  cycling  party 

under  Mr.  J.  Hopkinson  on  23rd  May,   1903.     In  a  report  of 

that   excursion    {Proceedings    Geologists'  Association^   Vol.    xviii, 
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p.  171),  Mr.  Hopkinson  says,  "They  were  standing  on  or 
just  above  the  Melbourn  Rock,  which  forms  the  base  of  the 
Middle  Chalk."  The  error  was  obviously  a  slip,  as  Mr. 
Hopkinson  knows  the  district  well,  and  when  reporting  on  an 
excursion  several  years  earlier  he  remarked,  more  correctly, 
"  Chalk  Rock  caps  the  hill  as  an  outlier."  If  it  be  correct  that 
**  Chalk  Rock  caps  the  hill,"  as  appears  to  be  the  case,  then  the 
Melbourn  Rock  in  the  adjacent  area  is  at  least  250  ft.  below  the 
Chalk  Rock.  This  would  make  the  Middle  Chalk  250  ft  thick. 
But  the  thickness  of  the  Middle  Chalk  in  the  district  being  only 
about  220  ft.,  there  is  a  difference  of  some  30  ft.,  which  can  only 
be  explained  by  the  existence  of  a  fault.,  as  suggested  by  Mr. 
A.  J.  Jukes-Browne  in  the  Memoir  of  the  Geological  Survey. 
Beacon  Hill,  being  almost  entirely  grass-clad,  makes  the  point 
difficult  of  determination  ;  but  that  there  is  such  a  fault  is  highly 
probable.  While  descending  the  hill  the  rain  ceased,  the 
remainder  of  the  day  being  fine,  as  during  the  drive. 

Near  Ivinghoe  a  pit  in  the  Lower  Chalk,  Holasler  sulhghbosus- 
zone,  was  visited.  The  "  rag "  bed  referred  to  in  the  Survey 
Memoir  was  examined  and  seen  to  be  full  of  green-coated,  brown 
phosphatic  nodules.  A  suggestion  that  these  nodules  might  have 
been  derived  from  the  Cambridge  Greensand  is  negatived  by 
their  being  much  less  phosphatic  than  the  nodules  in  that  deposit, 
and  by  the  material  of  which  they  mainly  consist  closely  resembling 
the  chalk  in  which  the  "  rag  "  occurs.  The  cavities  in  the  nodules 
in-filled  with  white  chalk  have  been  attributed  to  boring- 
molluscs  ;  but  their  origin  is  obscure,  some  being  apparently  worm- 
burrows,  while  Mr.  Osborne  White  stated  to  the  writer  that  he 
has  reason  for  believing  that  some  of  these  cavities  are  due  to 
sponges.  The  "  rag  "  is  full  of  fish  remains.  A  tooth  was  found, 
and  many  scales  and  pieces  of  bone  were  seen.  Terebratuia 
semiglobosa  was  also  found.  A  local  fault  in  this  pit  is  well  shown 
by  the  "  rag  "  bed  being  thrown  down  to  the  right,  and  a  slanting 
streak  of  crushed  chalk  in  the  face  of  the  pit  shows  clearly  the 
line  of  fault. 

A  pit  near  Pitstone  (on  the  left  when  returning  towards 
Tring)  was  interesting  on  account  of  the  junction  of  the  Lower 
and  Middle  Chalk  being  so  well  shown.  The  two  Belemnitella 
marly  bands  separated  by  hard  white  chalk  (about  3  ft.  in  all) 
were  examined.  These  beds  form  the  top  of  the  Lower  Chalk. 
The  characteristic  fossil  Actinocamax  phnus  and  Ostrea  vesiat/aris 
were  found  by  members  of  the  party  in  these  beds,  and  a  specimen 
of  Rhynchonella  in  the  chalk  below. 

The  hard,  massive,  nodular  Melbourn  Rock,  9  or  10  ft.  in 
thickness,  forming  the  base  of  the  Middle  Chalk,  was  seen  con- 
spicuously above  the  marly  bands.  In  and  above  the  Melbourn 
Rock  several  specimens  of  Rhynchonella  cuvieri,  the  zonal  index 
fossil,  were  found.      In  the  same  part  of  the  pit  have  also  been 
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found  Inoceramus  mytihides^  a  large  example  of  Rhynchonella 
cuvieri^  Spondylus^  and  Serpula,  The  dip  of  the  beds  three  or 
four  degrees  to  the  S.E.,  as  shown  by  the  Actinocamax  (Belemni- 
tella)  Marls  was  noticed,  and  also  the  fact  that  the  lower  band 
of  grey  marl  ends  off,  and  apparently  becomes  merged  in  the 
upper  buff-coloured  band  in  the  middle  of  the  pit,  this  upper 
band  of  buff  marl  alone  being  seen  dipping  to  the  right  in  the 
lower  part  of  the  pit. 

The  party  next  proceeded  to  a  pit  in  the  Rhynchonella  cuvieri- 
zone  near  "Folly  Farm."  This  pit  is  full  of  Jnoceramus 
nytiloidcs^  mostly  in  fragments,  but  some  fairly  good,  and  the 
zonal  index  fossil  is  common.  Much  loose  material  and  short- 
ness of  time  precluded  careful  working,  but  examples  of  the  index 
fossil  were  found.  The  writer  has  also  found  Conulus  {Echino- 
conus)  sub-rotundus^  Discoidea  dixont\  Inoceramus  latus  (d'Orb.), 
Ttrtbratuia  bipHcata,  Camerospongia  sub-rotunda  (Mant.)  and 
Ventriculites. 

Thanks  are  tendered  to  Mr.  E.  T.  Newton,  F.R.S.,  for 
identifying  some  of  the  fossils.  Tea  was  served  at  the  Royal 
Hotel,  near  Tring  Station.  A  vote  of  thanks  to  the  Director 
proposed  by  the  President  was  passed.  Thus  ended  a  pleasant 
excursion  which  seemed  almost  impossible  at  the  start  in  the 
''doming,  and  the  party  returned  by  the  7.18  train  to  London. 
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EXCURSION     TO    HASTINGS. 

Saturday,  June   22ND,  1907. 

^Director:  \V.  J.  Lewis  Abbott,  F.(;.S.,  F.R.A.I. 

Exatrsion  Secretary  :  A.  C.  YouNc;. 

{Refort  by  The  Director.) 


Qtre^t>  *^embers   from    London    who  had  started  from    Cannon 

^    ^y.    Station  by  the  9.16  train  were  met  at  St.  Leonard's  Station 

he  rv^^  ^^^  ^^^  come  from  various  parts  of  the  country,  and  by 

tD    ^-'itector,  and  proceeded  at  once  to  8,  Grand  Parade,  where 
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refreshments  were  provided  by  Mrs.  Lewis  Abbott.  Here  also 
the  Director  had  arranged  very  large  collections,  more  than 
sufficient  for  a  day's  study  had  the  weather  turned  out  unsuitable 
for  outdoor  observation.  The  first  contained  specimens  of  the 
various  rocks  of  the  Wealden  Series,  from  the  milk-white  sand- 
rock  composed  of  transparent  quartz  grains,  at  the  base  of  the 
Ashdown,  through  all  the  varieties  and  bandings  of  yellows, 
browns,  and  brilliant  carmines.  These  sandstones  in  themselves 
offer  an  object  of  interesting  study,  showing  every  description  of 
false-bedding,  faulting,  and  zonal  banding,  and  change  of  colours 
from  dark  browns  to  brilliant  carmines,  and  even  blood  reds. 
The  clays  are  quite  as  variable,  from  the  white  pipe-clays  of  the 
Ashdown  Series,  to  the  brilliant,  mottled  Fairlight  Clays,  where 
blues  and  yellows,  greys  and  purples,  vie  with  each  other,  speci- 
mens of  the  bright  mottled-reds,  purples  and  yellows  from  the 
Weald  Clay  found  around  Pevensey  and  from  Tunbridge  being 
included.  The  various  conditions  under  which  the  Entomostraca 
are  preserved  were  also  shown,  from  the  ordinary  paper  shales, 
through  the  iron-stone  of  the  Wadhurst  Clay,  where  the  tiny  shells 
ate  milk-white,  and  show  up  upon  the  dark  iron.  The  tubercu- 
lated  ones  are  also  well  shown  in  the  ferruginous  sandstones  and 
in  a  phosphatized  band  where  the  shells  are  shiny  black.  The 
various  groups  of  Mollusca  were  also  pointed  out,  and  a  method 
explained  of  developing  the  shells  out  of  the  hard  limestones  by 
hydrochloric  acid.  Teeth  and  bones  of  many  of  the  vertebrates 
were  also  on  view,  some  indicating  dinosaurs  of  great  size.  Mr. 
Bailey,  of  Battle,  exhibited  a  recently-discovered  jaw  of  Phoii- 
dosaurus^  practically  new  to  this  country,  from  the  Purbeck  of 
Darvell  Beach  Quarry,  visited  last  year  by  the  Association.* 
Examples  of  the  mode  o{  preservation  of  the  vegetation,  from 
the  silicified  Endogenites  through  the  massive  lignites  to 
the  delicate  fern  impressions,  also  called  for  attention.  The 
curious  rock  structures  known  as  cat's  brains,  and  pseudo- 
breccias  proved  of  great  interest,  and  examples  were  also  on  view 
of  the  so-called  Wealden  flint,  and  a  series  to  illustrate  how  the 
silica  segregated  out ;  in  the  early  stages  giving  rise  to  the  so-called 
**  Hastings  granite  "  ending  in  a  cherty  flint. 

Another  large  collection  had  been  arranged  to  illustrate  all 
the  known  processes  of  flint-working  as  evinced  from  the  features 
they  presented  and  the  conditions  under  which  flint  fractured,  from 
the  simple  cone  of  percussion  to  the  delicate  herring-bone  flaking  ; 
all  the  various  kinds  of  "  hammers "  and  "  flakers,"  and  a 
nomenclature  of  the  subject  was  submitted.  All  the  various 
processes  of  nature,  the  various  kinds  of  thermal  fissure, 
*'perletic  fissure,"  "globular  fissure,"  "  asphaltic  fissure," 
**  starchy  fissure,"  and  "  prismatic  fissure,"  and  examples  of  the 
marvellous   possibilities   of  nature   of  simulating   man's   works. 

•  See  Pfoc.  Geol.  Asioc.^  vol.  xix,  p.  450. 
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Also  a  large  series  of  "  implements  "  of  the  various  kinds  of 
workings,  and  in  various  degrees  of  alteration,  patination,  etc., 
which  had  been  manufactured  by  the  Director.  The  other  series 
illustrated  the  various  implements  from  the  newly  discovered 
site,  and  the  remarkable  erratics  found  associated  with  them. 
These  latter  included  volcanic  and  metamorphic  rocks  and 
numerous  varieties  of  purple,  red,  brown  and  grey  quartzites, 
Lydites,  veined  and  mottled  quartz,  chalcedony,  ferruginous 
ironstone  and  cherts.  Some  of  the  latter  are  spiculiferous  and 
probably  radiolarian.  Dr.  Salter  is  of  the  opinion  that  most 
of  these  were  similar  to  those  found  in  the  Bunter  of  Budleigh 
Salterton.  Quartzites  and  quartzes  similar  to  some  of  them 
were  shown  that  had  been  taken  in  situ  from  Wealden  beds,  and 
the  questions  which  await  answers  are :  (a)  have  these  large 
pebbles  been  derived  from  the  Wealden  beds?  {b)  have  they 
come  from  the  west,  and  if  so,  how  ?  (r)  were  they  brought  from 
the  east,  and  if  so,  when  ?  {d)  or  were  they  taken  there  by  man  ? 
Some  of  the  stones  are  faceted  and  very  much  striated.  Some 
of  the  cherts  are  of  oolitic  origin,  and  some  of  the  quartzites  and 
the  ironstone  look  like  products  of  the  Lower  Greensand, 
but  until  the  rocks  have  been  made  an  object  of  special  study 
one  cannot  say. 

The  Director  called  attention  to  the  section  (Fig.  19), 
which  although  not  quite  correct  would  serve  the  purpose 
of  enabling  the  members  to  grasp  the  main  features  of  the 
solid  geology  of  the  district.  It  would  be  evident  that 
Hastings  and  St.  Leonards  stood  upon  a  truncated  dip 
slope,  the  truncation  being  formed  by  the  cliffs,  which  were 
cut  through  seven  times  by  streams  representing  a  complete 
sequence  from  a  small  chine  or  glen,  such  as  at  St.  Leonard's 
Gardens,  to  a  main  county  artery  such  as  the  river  that  flowed 
through  the  park.  Nowhere  in  a  similar  space  could  so  many 
phases  of  river  capture  be  studied.  The  amount  of  undulation 
of  surface  was  very  great,  some  of  it  was  due  to  folds  and 
anticlines,  but  it  was  largely  due  to  denudation,  and  the  way 
some  of  these  deep  valleys  had  cut  back  until  there  was  only  a 
knife  edge  between  the  next  valley  with  hardly  any  ground  at  the 
back,  proved  a  puzzle  to  every  geologist.  Stretching  from 
Fairlight,  near  the  coast,  via  Brightling,  there  was  a  high  ridge 
known  by  those  names,  rising  to  570  ft.,  from  which  most  of  the 
streams  flowed.  One,  however,  antedated  the  present  surface 
features  and  cut  down  the  ridge  some  200  feet  in  crossing  it ;  it 
now  forms  the  beautiful  valley  in  which  the  Alexandra  Park  is 
situated.  The  Director  was  inclined  to  hold  that  this  valley 
antedated  the  anticline  as  we  now  know  it,  and  that  the  Brede 
Valley  had  been  brought  about  by  earth  movements  associated 
with  a  "  drift "  with  the  palaeolithic  implements  then  before  them. 
There  could  be  no  doubt  that  the  Fairlight-Brightling  ridge  with 
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i^s  extension  from  the  west,  once  extended  obliquely  over  the 
Channel  into  France,  and  formed  the  watershed  of  the  west  and 
noTth  rivers. 

Near  Fairlight  a  river  passed  over  what  is  now  the  ridge  in  a 
southward  direction.     This  old  valley  occurs  now  as  a  deep  in- 
<^entation  in  the  cliff  falling  to  about  250  ft.  O.D.,  and,  allowing 
25  ft  fall  per  mile  would  have  reached  the  level  of  the  south  river 
some  ten  or  twelve  miles   south  of  the  present  coast  line.     A 
number  of  downthrows  now  occurred,  the  magnitude  of  which  has 
^Pl>arently  escaped  attention.     They  threw  down  the  high  lands  in 
the   east,  possibly  sufficiently  to  be  largely  instrumental  in  the 
destruction  of  the  old  watershed  and  thus  initiate  the  separation 
England  and   France.     From  this  newly-created  lowland  on 
^"^  east  a  strike  stream  originated  bisecting  this  old  dip  stream  not 
rar  from  the  present  coast,  and  this  with  the  cutting  back  of  the 
coast  has  left  this  relic   of  the  old   river  valley,  which   to-day 
contains  a  sprinkling  of  a  drift  composed  of  highly  coloured 
flints  and  almost  as  many  quartzites,  etc.,  as  already  described. 
A  Very  large  proportion  of  the  flints  were  worked  into  various 
^>nds  of  implements  before  the  flint  was  altered  to  a  warm  orange 
^''own.     Upon  the  other  side  of  the  Brede  Valley  upon  the  next 
"^ge  to  the  north  of  Fairlight  these  dark  brown  implements  also 
occur,  as  do  the  quartzites,  which  would  point  to  this  old  river 
"aving  crossed  the  present  Brede  also,  and  that  the  lower  reaches 
0^  the  Brede  were  also  initiated  by  this  and  some  other  down- 
throws which  had  taken  place  here  since  the  time  the  old  Park 
nv^er  crossed  the  ridge.     Many  of  the  implements  are  of  River- 
^^ft   tyf)es  ;  many  are  very  bold  work.     The  majority,  however, 
?J"^  of  French  cave  types.     That  these  implements  were  not  of 
-^^olithic  age  and  had  acquired  their  stains  where  they  were  found 
^[^  evident  from  the  fact  that  many  show  signs  of  hard  wear,  and 
1^^  there  was  upon  the  same  spot  in  Neolithic  times  a  settlement 
^  *^^*"e  implements  of  every  known  southern  Neolithic  type  were 
^'^d,  barbed  arrow-heads,  adzes,  axes,  scrapers,  knives,  hammer- 
On^g^   pot-boilers,    missiles,  cores,   etc.     These   are   not   iron- 
^»n^  in  the  least,  and  are  in  the  same  state  as  they  are  in  the  other 
^  ^^lithic  stations  close  by.     There  was  further  another  set  which 
•     ^^    made  in  Neolithic  times  out  of  the  old  brown  Palaeolithic 
^j-  Moments  and  flakes,  which  leaves  no  possible  doubt  of  the  age 
*^^  old  brown  implements,  even  if  their  types  did  not  help  us. 
^.  T*he   party    then    drove    to    Fairlight,    stoppages    eu   route 
^^^15  made  to  study  the  various  points  raised  by  the  Director's 
^_t  ^^ess.      A    quarry  in    milk-white   sandstone  at   the  base    of 
^^     Ashdown  Series   was  visited  near  Fairlight  Church,  and  a 
o^^  was  then  taken  across  the  fields  to  the  cliffs,  passing  into  the 
^  Valley,  where  the  sequence  of  events  were  again  pointed  out, 
J^^  a  half-hour's  hunt  over  the  fields  rewarded  the  members  with 
Eoodly  number  of  implements,  flakes,  etc.,  of  all  the  various 
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ages  as  well  as  specimens  of  quartzites  and  other  erratics.  The 
cliffs  were  next  descended  to  the  foreshore,  where  the  magnificent 
display  of  the  Fairlight  Cbys  was  much  admired.  After  some 
amount  of  examination  a  discussion  was  initiated  by  the 
President  upon  the  correlation  of  the  coast  beds  with  those  inland, 
all  agreeing  that  they  were  more  nearly  identical  than  is  usually 
realised.  Large  cliff  falls  had  recently  cleared  the  cliff  face  so  that 
the  remarkable  cross-bedding  and  overlapping  was  very  pro* 
nounced.  The  members  had  the  opportunity  of  witnessing  a 
heavy  and  considerable  foil  of  the  cliff  face. 

The  attractions  of  the  structure  of  the  rocks  of  the  section 
impeded  a  very  rapid  progress,  and  in  order  to  get  back  in  time 
for  the  train  the  party  had  to  ascend  from  the  shore  at  Fairlight 
glen,  the  climbing  up  of  which  made  them  realise  the  amount  of 
excavation  that  had  been  performed.  A  walk  back  vid  Barley 
Lane  enabled  the  members  to  get  a  further  grasp  of  the  features. 
Tea  was  partaken  of  at  the  Queen's  Road  Restaurant  The 
President,  proposing  a  vote  of  thanks  to  the  Director  in  eulogistic 
terms,  stated  that  he  had  again  laid  out  a  bigger  programme  than 
they  were  able  to  get  through,  so  that  there  was  yet  more  for  them 
to  come  and  see.  A  vote  of  thanks  had  already  been  proposed 
to  Mrs.  Lewis  Abbott.  The  Director  in  reply  thanked  them 
for  the  vote  of  thanks,  and  also  for  the  kind  attention  which 
they  had  given  him  all  day.  The  members  returned  to  London 
by  the  7.15  train. 
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EXCURSION    TO    GUILDFORD. 

Saturday,  June  29TH,  1907. 

Director :  George  W.  Young,  F.G.S. 
Excursion  Secretary  :   Miss  E.  Pearse. 

(^Report  by  THE  DIRECTOR.) 

Leaving  Waterloo  at  1.20  p.m.,  the  party,  twenty-five  in  number, 
on  arrival  at  Guildford  at  once  proceeded  southward  to  St. 
Catherine's  Hill,  from  which  the  physical  geology  of  the  district 
is  well  displayed.  The  "  Hill  "  is  an  eastward-facing  river-bluff 
formed  by  the  cutting  through  by  the  river  Wey  of  a  well  marked 


EXCURSION   TO   GUILDKORI*.  I  75 

ndgc:  of  Folkestone  Sands  which  runs  parallel  with  the  Hog's 
Baolc,  and  is  continued  on  the  other  side  of  the  river  forming  the 
Chsmtries  and  St,  Martha's  Hill.  The  two  large  chalk  pits 
conspicuously  seen  on  the  opposite  side  of  the  river  are 
Williamson's  Quarry  (left)  and  Rifle  Range  pit  (right).  The 
former  was  visited  later  in  the  day. 

'The  Director  pointed  out  that  considerable  earth  movement 
Iwwi  occurred  here.  A  short  distance  to  the  south  the  Peasemarsh 
anticline  had  brought  up  the  Weald  Cby  in  the  form  of  an  inlier, 
and  consequently  the  outcrops  of  the  beds  between  the  Weald 
^.^yand  the  Tertiaries  were  narrow  and  the  dip  high.  The 
^Pf  however,  is  not  uniform,  that  of  the  Folkestone  Sands, 
Selbomian,  and  Lower  Chalk  being  much  greater  than  that  of 
^c  Middle  and  Upper  Chalk.  It  was  evident  that  either  there 
^^  a  sudden  bending  of  the  strata,  or  else  an  east  and  west 
^^'"te-fault  ran  along  the  foot  of  the  downs  within  the  mass  of  the 
chalk.  He  favoured  the  latter  suggestion  for  several  reasons,  one 
^  which  was  the  fact,  which  he  would  show  presently,  that  the 
^•alley  between  the  Chalk  Downs  and  the  Lower  Greensand  was 
"9^  cut  in  the  Gault  as  one  would  naturally  expect,  but  was  well 
^*in  the  Chalk  itself.  The  theory  that  the  Wey  may  possibly 
'^^'^  in  a  syncline  culminating  in  a  dip  fault  was  also  alluded  to. 

The  party  then  descended  the  face  of  the  bluff,  which  affords 
^  section  of  the  Folkestone  Sands.  They  are  false  bedded  and 
ferruginous,  and  show  many  of  the  ramifying  veins  of  iron  so 
p^^en  found  in  these  sands.  A  copious  spring  breaks  out  at  the 
^^^  of  the  north-east  corner  of  the  hill,  and  is  said  never  to  fail 
^^t\  in  the  driest  summers. 

.     The  site  of  the  **  Pilgrims'  Way "  is  believed  to  have  run 
p.^'^g   the  northern  flank  of  the  Lower  Greensand,  and  that  the 
Jjs**inis  crossed  the  river  here  by  a  ferry  which  still  exists,  and  of 
^*^>cH  the  members  availed  themselves. 

th     ^''^^ceeding  eastward  along  the  "  Pilgrims'  Way,"  and  skirting 

^  north  side  of  the  Chantries,  a  pit  in  the  Folkestone  Sands 

r^  Soon  reached,  and  just  beyond  it  the  path  to  Warren  Farm 

P*^  turns  off  to  the  north.    The  outcrop  of  the  Gault  is  only  a  few 

^  ''<ls  wide,  and  then  a  very  small  overgrown  pit  shows  Upper 

'^^^nsand.     Warren  Farm  pit  is  a  long,  narrow  and  rather  deep 

?2^*^  running  along  the  strike.     It  is  in  Lower  Chalk,  and  the 

^^s  dip  at  a  high  angle.     The  north  face  is  cut  in  the  zone  of 

J^^<x^t€r  sub'globosus^  which  passes  down  into  Chalk  Marl  (zone  of 

'^^loniUs  varians).     Some  of  the  typical  fossils  of  the  latter  zone 

^^"^  soon  found  on  the  southern  face  and  on  the  talus  below  it. 

X-iOoking  northward  from  Warren  Farm  pit  across  the  valley 

^^ards  Echo  pit,  the  striking  fact  before  referred  to  that  the 

v^^  of  this  valley  is  not  cut  in  the  Gault  becomes  obvious,  and  as 

^"^  party  made  their  way  across  it  the  entire  absence  of  water  was 

remarked  as  confirmative  of  its  being  cut  in  chalk. 
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Echo  pit  is  in  I  he  lower  part  of  the  face  of  the  escarpment. 
It  has  not  been  worked  for  many  years,  and  has  been  largely 
planted  with  ornamental  trees,  through  which  the  pathway  winds 
leading  to  an  open  lawn-like  expanse  at  the  foot  of  the  main 
face.  It  is  altogether  a  beautiful  and  secluded  spot,  permission 
to  visit  which  had  been  kindly  granted  by  Col.  H.  H. 
Ciodwin-Austen,  who  wrote  regretting  his  inability  to  attend 
through  ill-health.  The  reason  of  its  name  very  soon  became 
evident,  for  the  Director's  remarks  were  accentuated  by  the 
remarkable  echo  in  a  most  amusing  manner.  The  base  shows  a 
few  feet  of  flintless  chalk  of  the  TerebratuUna  gracilis-zouit^ 
succeeded  by  hard  chalk  containing  many  bands  of  nodular 
flints  belonging  to  the  zone  of  Holaster  planus.  The  flint  bands 
are  at  more  regular  intervals  than  usually  happens  in  this  zone, 
and  at  flrst  sight  might  lead  one  to  class  it  as  the  zone  of 
Micraster  cor-angiiinum^  but  the  fossils  quickly  dispel  any  such 
idea.  A  few  minutes*  search  yielded  Holaster  planus^  Neithea 
//uinguecostaiuSj  Spondylus  spinosus,  and  the  very  large  form  of 
Terebratula  semigiobosa.  No  true  chalk-rock  was  observed,  nor 
is  it  recorded  here  by  the  Survey.  The  upper  part  of  the  pit  is 
inaccessible,  but  there  the  rows  of  flints  are  apparently  less 
numerous.  Attention  was  called  to  the  gentle  dip  of  the  beds  in 
this  pit  as  compared  with  that  in  Warren  Farm  pit. 

Chimney  pit  was  next  visited.  It  is  but  a  short  distance  to  the 
east  of  Echo  pit,  but  is  at  a  higher  level.  The  base  apparently 
corresponds  to  the  upper  part  of  the  Echo  pit,  and  probably 
belongs  to  the  Holaster  planus  zone,  but  it  is  mostly  obscured  by 
talus.  The  greater  part  of  the  face  is  cut  in  the  zone  of  Micraster 
cor-testudinarium.  Fossils  are  fairly  numerous,  but  owing  to  the 
hardness  of  the  chalk  are  difficult  to  extract  and  clean  without 
breakage.  Near  the  middle  of  the  section  is  a  bed  containing 
many  Polyzoa.  Flints  are  decidedly  less  numerous  than  in  the 
lt)cho  pit,  and  there  are  several  rather  thick  beds  of  yellowish 
nodular  chalk,  whilst  near  the  top  is  a  pronounced  orange- 
coloured  nodular  band,  reminding  one  of  the  similar  band  in  the 
same  zone  at  Chapel  Rock,  near  Lyme  Regis.  The  orange 
band  is  evidently  near  the  top  of  the  zone,  as  the  Micrasters 
found  above  it  are  indicative  of  the  lower  part  of  the  zone  of 
-]/.  cor-anguinum. 

So  far  as  the  writer  is  aware  this  is  the  only  locality  along  the 
North  Downs  where  the  crest  of  the  escarpment  is  formed  by 
chalk  of  so  high  a  zone,  and  yet  its  height  here  is  only  375  ft.  O.I). 

The  party  then  returned  to  Guildtord  lor  tea,  after  which  it 
was  decided  to  change  the  order  of  programme  on  account  of  the 
bad  light  and  the  threatening  appearance  of  the  weather,  so  a 
move  was  made  to  the  old  chalk  pit  in  York  Road,  where  the 
Marsupites  zone  is  well  exposed.  The  chalk  is  very  soft,  as  is 
usual  in  this  zone,  but  special  attention  was  drawn  to  the  large 
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'Jumber  of  scattered  nodular  flints  present,  because  generally  this 

zone  contains  very  few  flints.      They  are  mostly  black  and  solid 

inside.    Marsupites  plates  are  abundant,  and  numerous  specimens 

^^re  quickly  found,  specimens  of  Echinocorys  scutatus  were  also 

fou.nd,  they  being  ot  the  tall  sub-pyramidal  variety  characteristic 

^^       this  zone.      Micraster  was  not  common,   and  Echinoconus 

<i^c^idedly  rare.     Mr.  Wright  found  one  specimen  of  Actinacamax 

P^^^ -fiulatus.      For  permission  to  visit  this  and  the  next  pit  the 

™^«3ibers  were  indebted  to  the  courtesy  of  Mr.  David  Williamson. 

Proceeding  by  way  of  High  Street,  and  passing  through  the 

gr^^tinds  of  Guildford  Castle,  the   members   finally  visited  the 

ol^i    quarry  in  Quarry  Street     This  is  a  huge  excavation,  now 

<iJ^s^ijsed,  and   partly  clothed  with    ivy,  which,    aided    by    the 

stK~ilcingly  regular  lines  of  flints  dipping  gently  northwards  at  an 

ar^^^le  of  about  8',  gives  a  pleasing  picturesqueness  to  its  aspect. 

A^        platform  at  the  northern   end  gives  a  splendid  view  of  the 

^^^ole  gorge  of  the  Wey,  from  the  low  ground  of  the  London 

Clsi^y  on  the  north  to  the  Weald  Clay  of  Peasemarsh  on  the  south, 

tl^^    latter  being   backed   by  the  distant  heights  of  the   Lower 

^^"^nsand  of  Hindhead  and  Blackdown.      The  section  is  very 

sirr\ilar  to  that  at  Echo  pit,  except  that  it  is  nearly  at  right  angles 

tc>      the  scarp,  consequently  the  zone  of  Terebratulina  gracilis  is 

seexi  at  the  southern  end  only,  the  remainder  being  in  that  of 

^<^^asier  planus.     No  definite  evidence  of  the  presence  of  the 

^"^c  of  Micraster  cor-testudinarium  has  yet  been  obtained,  but 

^"^^  northern  end  is  much  obscured  by  vegetation.     It  being  now 

nearly   dark,   fossil   collecting  was  out  of  the  question,  so  the 

P^^^y   made  their  way  to  the  railway  station,  and  returned  to 

towp    5y  the  8.20  train.      On  arrival  there  it  was  found  that  a 

terrif^^  thunderstorm  had  occurred,  and   much   flooding  of  the 

lo\v-lyjjjg  districts   had   taken   place.      No   rain,   however,   had 

*^"en  at  Guildford. 

-     ^^he  beds  examined  in  the  day's  traverse  are  shown  in  the 
lollovw^-ng  t^t^ie . 

Zone  of  Marsupites  testudinarius. 
Upper  „       Micraster  coranguinum. 

Chalk  „       Micraster  cor-testudinarium, 

„       Holaster  planus. 

Middle  rZone  of  Terebratulina  gracilis. 

Chalk     |       „       Rhynchonella  cuvieri  (not  seen). 

Lower  C  Zone  of  Holaster  sub-globosus. 

Chalk     \       „       Ammonites  varians, 

Selbornian    /Upper  Greensand. 
tGault  (not  seen). 

Lower 
.  GreensandJ 

^^^-  Geol.  Assoc,  Vol.  XX,  Part  2,  1907.] 


VFolkestone  Sands. 
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EXCURSION    TO     ROCHESTER,    WOULDHAM,    AND 
BLUE  BELL  HILL. 

July  9TH,  1907. 

Director:  G.  E.  Dibley,  F.G.S. 

Excursion  Secretary:    H.    Kidner. 

Q/^e/^or/  fiv  THK  Director.) 

Favoured  with  delightful  weather  the  party  arrived  at  Strood 
Station  at  10.31  and  were  met  by  the  Director,  who  pointed  out 
the  chief  features  of  the  large  pits  known  as  "The  Quarry** 
immediately  to  the  north,  consisting  of  the  l)ase  of  the  Micraster 
cor-anguinum  beds,  and  capped  with  drift  towards  the  east.  Since 
the  Association  last  visited  these  pits  a  large  amount  of  the  spur 
has  been  cut  back  towards  Frindsbury  Church. 

Crossing  the  Medway,  attention  was  drawn  to  the  prominent 
features  in  the  landscape,  and  several  points  of  archneological 
interest  were  pointed  out.  Proceeding  by  the  High  Street  past 
"The  Bull  Hotel,"  of  Pickwickian  fame,  the  Cathedral,  and 
Watts*  "Poor  Traveller's  House,"  the  members  reached  the 
Rochester  Museum,  where  they  were  met  by  the  Curator,  Mr. 
George  Payne,  F.S.A.,  who  welcomed  the  Association.  The 
Director  led  the  way  to  the  (leological  Room  and  briefly 
explained  the  chief  features  of  interest.  This  was  greatly  facili- 
tated by  the  excellent  illustration  of  a  geological  section  of  the 
district  prepared  by  Mr.  C.  Bird,  B.A.,  F.G.S. 

After  having  inspected  the  Chalk  fossils  which,  unfortunately, 
had  not  been  localised,  an  omission  in  no  way  due  to  the 
present  Curator,  Mr.  l*ayne  gave  a  brief  history  of  the  fossils 
of  the  Pleistocene  deposits  of  the  district,  the  most  recent 
being  a  magnificent  tusk  of  Ekphas  primi^enius  exhumed, 
transferred,  and  mounted  by  the  Curator.  This  tusk  is  10  ft. 
6  ins.  in  length,  and  was  discovered  in  the  1  )rift  which  caps  the 
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Chalk  near  the  river  at  Messrs.  Peter's  works,  Wouldham.  Un- 
doubtedly it  is  one  of  the  finest  specimens  known.  A  visit 
was  then  paid  to  the  other  parts  of  the  building ;  the  Roman 
pottery  from  Upchurch,  the  Prentis  collection  of  Kentish  birds, 
and  the  Saxon  and  other  antiquities,  and  the  Dickens  collection 
are  all  of  great  interest 

In  the  unavoidable  absence  of  the  President,  Mr.  E.  T. 
Newton,  F.R.S.,  Vice-President,  moved  a  hearty  vote  of  thanks 
to  Mr.  Pape  for  his  courtesy,  and  felt  he  was  expressing  the 
thoughts  of  the  members  when  he  said  that  the  citizens  of 
Rochester  ought  to  be  really  proud  in  possessing  such  an  interest- 
ing building— a  Museum  in  itself — and  to  find  so  able  and 
enthusiastic  a  gentleman  as  its  Curator ;  he  could  testify  to  Mr. 
Payne's  skill  and  ability  from  the  manner  in  which  he  had  pro- 
cured intact  and  mounted  so  splendid  a  specimen  as  the  tusk 
already  referred  to ;  not  only  in  this  department  but  in  every 
branch  the  same  loving  care  was  exhibited,  no  matter  whether  in 
the  objects  or  the  building. 

Mr-  Payne,  in  responding,  said  he  should  at  any  time  be 
pleased  to  welcome  and  assist  any  members  of  the  Geologists* 
Association  should  they  favour  Rochester  with  a  visit.  A  move 
^"^  then  made  towards  the  Cathedral,  of  which  a  brief  inspection 
was  made. 

Proceeding  southwards  by  way  of  Boley  Hill  towards  Borstal 
tovely  views  of  the  Medway  were  obtained,  after  passing 
St  Margaret's  Church.  At  Fort  Clarence  the  Director  drew 
attention  to  the  fine  gorge  immediately  in  front  of  them,  and  to 
the  chief  features  of  the  pits  as  regards  the  zones  of  Chalk  on  the 
opposite  side  of  the  river.  He  hoped  that  they  would  be 
visited  next  year.  Arriving  at  Borstal  the  party  made  their  way 
to  the  Borstal  Manor  pit,  which  is  situated  in  the  Micrasier 
^(^'testudinarium-  and  Holaster  />i(iHus-zou^s, 

-^  goodly  number  of  fossils  were  obtained,  including  some 
fine  Micrasters^  an  unusually  good  example  of  M,  pracursor^ 
M,  leskti,  Holaster  planus,  Cyphosotna  radiatum^  Lima 
hoptri,  Ostrea  lateralis,  etc. 

The  next   pit  visited  was   that   of  Messrs.    Tingey  &   Co., 

at    Wouldham,    situated    in    the     Terebratulina-  and    Rhyncho- 

nella  cuvieri-zones.      Unfortunately,  nothing  of  importance  was 

found  on  this  occasion,  though  this  pit  has  yielded  exceedingly 

interesting    specimens    of    Conulus    subrotundus  and    teeth   of 

Ptychodus.     Quite  recently  the  Director  obtained  from  this  pit 

an  associated  set,  comprising  129  teeth  oi  P,  poly^rus,  which  are 

of  great  importance,  as  so  large  a  number  exhibit  the  graduations 

in  size  and  ornament  from  the  outermost  to  the  central  rows  of 

teeth.    By  the  aid  of  the  few  associated  sets  in  which  the  teeth  are 

in  sitdi,  and  from  a  similar  set  of  P,  rugosus  obtained  from  the 

Chalk  of  Kansas,  and   figured   by  Williston  and  Stewart,   the 
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Director  has  been  enabled  to  show  both  the  upper  and  lower 
dentition  of  Ptychodus, 

The  next  move  was  to  the  village  of  Wouldham,  where 
refreshment  was  obtained,  and  then  past  the  Free  School  pit  to 
Messrs.  Peters's  large  excavations.  Here  four  members,  who 
availed  themselves  of  the  mid-day  arrangement,  joined  the  party. 
The  largest  of  these  pits  is  worked  in  the  bottom  of  the  Lower 
Chalk.  The  second  working  comprises  the  top  part  of  the 
Holaster  sub-globosus  Chalk,  and  part  of  the  Actinocamax  pUnus 
marls.  From  this  part  a  number  of  fossils  were  obtained, 
including  Ctenothrissa  microcephala^  echinoderms,  and  wood. 
The  third  or  highest  workings  are  in  the  A,  plenus  marls 
and  Rhynchonella  ctivieri-zonts,  A  beautiful  specimen  of 
Hemiaster  minimus  was  obtained  by  one  of  the  members. 
About  25  feet  from  the  base  of  the  highest  pit  flint-nodules  occur, 
this  being  the  lowest  horizon  at  which  they  have  been  observed 
by  the  Director.  Many  fine  examples  of  fish  remains  have  been 
obtained  from  this  working  by  the  Director  as  well  as  from  the 
middle  quarry,  which,  within  the  past  two  years,  has  yielded  the 
best  known  English  example  of  an  associated  set  of  teeth  of 
P,  deciirrens  found  in  sitii ;  the  earliest  record  in  Europe  of 
Mosasaurus  in  the  form  of  vertebrae,  and  also  the  best  English 
example  of  the  lizard  Coniosaurus  crassidens.  The  foregoing 
may  now  be  seen  in  the  British  Museum.* 

Leaving  this  pit,  the  members  proceeded  to  the  celebrated 
Blue  Bell  Hill  Pits.  Upon  arriving  at  the  spot  where  a  descent 
is  made  to  the  workings,  the  Director  pointed  out  the  features  of 
this  unrivalled  exposure,  the  top  of  which  is  at  a  level  of  770  ft. 
above  O.D.  It  extends  from  the  H,  planus  Chalk  to  the  top  of 
the  Chalk  Marl.  In  former  days  these  workings  yielded  many 
fossils,  but  now  owing  to  the  upper  pit  being  closed  and  to  the 
employment  of  a  steam  navvy  in  the  bottom  working  the 
possibilities  of  "  finds  "  are  very  few.  A  descent  was  made  into 
the  workings  and  several  fossils  obtained,  after  which,  in  order  to 
save  time,  the  members  were  conducted  through  the  chalk 
tunnel,  which  brought  them  to  some  large  excavations  in  the 
Chalk  xMarl. 

Owing  to  the  flight  of  time  it  was  deemed  inadvisable  to 
ascend  Blue  Bell  Hill  and  visit  Kit's  Coty,  though  three 
or  four  of  the  members  attained  their  object  in  this  direction. 

The  party  then  proceeded  to  "The  George"  Hotel  at 
Aylesford. 

*  The  uppermost  pit  of  these  workings  has  since  the  excursion  been  visited  by  the 
Director  and  Mr.  Mark  Wilks  for  the  purpose  of  examining  the  base  of  the  RhynchontUa 
oivieri- zones.  Several  plateau-shaped  masses  of  Actinocamaj:  plenus  marls  capped  with 
a  layer  of  the  Rhynchonella  cuviert  have  been  left,  and  exposure  to  the  action  of  the 
atmosphere  has  had  the  efifect  of  revealing  the  contents.  As  at  Blue  Bell  Hill  large 
patches  were  crowded  with  Inoceramus  labiatus  (=  mytiloides),  but  the  most  peculiar 
feature  noticed  was  the  appearance  of  the  Chalk,  when  examined  bv  a  lens.     Myriads  of 

{>ri8ms  ot  calcite  due  to  the  disintegration  of  the  testa  of  Inoceramut  were  seen.    This 
nteresting  feature  has  not,  the  Director  thinks,  been  observed  elsewhere. 
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-After  tea,  Mr.  E.  T.  Newton  proposed  the  usual  votes  of 

thanks,  which  were  duly  acknowledged.     A  portion  of  the  party 

afterwards  followed   the    Director  to  a    fine    section    in    the 

Folkestone  Sands  which  were    capped    by   Drift    from  which 

good  examples  of  mammalian  remains  are  frequently  exhumed. 

The  station  was  reached  by  way  of  the  river,  which 
constitutes  one  of  the  prettiest  walks  connected  with  Aylesford 
and  this  part  of  the  Med  way.  Immediately  outside  the  station 
many  tons  of  Kentish  Rag,  quarried  from  the  Hythe  Beds  near 
Dy»  were  to  be  seen.  The  stones  were  crowded  with  casts 
^^  ^rigonia^  Nautilus^  etc. 

With  the  exception  of  a  slight  shower  the  weather  had 
remained  all  that  could  be  desired,  and  after  a  most  enjoyable 
<^y»  in  which  the  walking  powers  of  the  members  were  tested, 
^e  return  journey  was  made  at  7.51  p.m. 
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Excursion  to  the  laindon  hills,  essex. 

July  13TH,  1907. 

Director  :  A.  E.  Salter,  D.Sc,  F.G.S. 

Excursion  Secretary  :  T.  W.  Reader. 

{^Report  by  ThB    DIRECTOR.) 

^  **-^i^TY  of  35  left  Fenchurch  Street  Station  at  2.30  for  Laindon 
X?    ^*On  and    arrived    about    x.xo.      Several    members    of    the 


-Q     *On  and    arrived    about    3.30.      ocvciai    mciuuciD    v^i    mc 
jy^X  Field  Club  were  present  by  invitation.     At  the  station  the 


\ 


ire^tor  referred  to  the  boring  mentioned  in  the  account  of  the 

Q^  Excursion  in  1888  (cf,  references),  when  342  feet  of  London 

*:    Y  'Were  passed  through  before  reaching  the  Lower  London  Ter- 

^.^*^s.  The  station  is  about  148  feet  O.D.    At  Mr.  C.  T.  Johnson's 

^'^^kyard,  about  300  feet  O.D.,  some  redistributed  London  Clay 

^  Seen,  and  a  well  pointed  out  which  had  been  dug  for  27  feet 

jJJetly  in  London  Clay.     A  good  supply  of  water  was  obtained 

^^^  passing  a  bed  of  septaria.     The   outcrop   of  the    Bagshot 

r^^s  being  quite  close  it  is  probable  that  the  occurence  of  water 

^  ^Uch  a  position  is  due  to  slipping,  similar  to  that  seen  later  on 
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at  One  Tree  Hill.  The  septaria,  which  had  been  preserved  by 
Mr.  Johnson,  yielded  a  good  deal  of  teredo-bored  wood.  A 
stream  near  by,  issuing  from  a  spring,  had  formed  a  small,  well- 
marked  valley.  Other  springs  along  the  junction  of  the  Bagshot 
Sands  and  London  Clay  were  pointed  out,  and  Dr.  Thresh's 
report  on  the  water  supply  of  this  district  referred  to. 

The  party  now  proceeded  to  a  section  showing  about  15  feet 
of  Bagshot  Sands  situated  on  the  right  of  the  road  leading  to  Lee 
Chapel.     The  sands  are  capped  by  one  or  two  feet  of  hill-wash. 

The  Director  stated  that  the  sands  were  micaceous  and  pointed 
to  some  clay  bands  on  the  west  side  such  as  are  characteristic  of 
Bagshot  deposits,  and  are  well  seen  at  Hampstead.  He  invited 
the  members  to  search  for  fossils  as  he  understood  none  had  yet 
been  found.  Messrs.  J.  Francis  and  H.  A.  Rigg  were  soon  for- 
tunate enough  to  find  two  casts  of  lamellibranch  shells  hardened 
by  oxide  of  iron,  and  others  of  the  party  found  more  or  less  deter- 
minable fragments  of  casts  of  shells.  A  detailed  and  prolonged 
examination  of  this  pit  would  no  doubt  lead  to  good  results. 
This  is  the  second  occasion  upon  which  members  of  the  Association 
have  detected  fossils  in  the  Bagshot  Beds  of  Essex  (cf,  Proc,  Geol, 
Assoc,  vol.  xi,  p.  13,  and  vol.  xix,  p.  319).  The  specimens  were 
kindly  handed  to  Mr.  Cole,  Hon.  Sec.  of  the  Essex  Field  Club, 
for  its  museum. 

At  the  top  of  the  hill  (385  feet  O.D.)  near  the  "  Crown  "  the  fine 
view  northward  was  much  appreciated,  the  hills  about  Brentwood, 
Billericay,  Beggar  Hill,  and  Dan  bury  pointed  out,  and  the  gravel 
formation  in  the  higher  parts  referred  to. 

The  party  then  proceeded  to  a  small  gravel  section  near  the 
"  Crown."  The  Director  pointed  out  that  the  gravel  was  composed 
of  Tertiary  flint  pebbles,  sub-angular  flints,  and  sub-angular 
and  rounded  pieces  of  Lower  Greensand  Chert.  He  regarded  it 
as  the  deposit  of  an  old  stream  having  connection  with  the  Weal- 
den  area,  and  that  the  hill  on  which  they  were  standing  owed  its 
existence  as  such  to  the  strata  below  having  been  preserved  by 
the  gravel  while  all  around  the  strata  not  so  covered  has  been 
denuded  away. 

Another  sand-pit  on  the  left  of  the  road  to  Dry  Street  and 
Vange  was  then  visited.  The  clayey  bands  at  the  top  were  well 
shown,  but  no  fossils  were  found.  The  Director  pointed  out  that 
the  beds  were  lying  flat,  thus  difi*ering  from  those  seen  in  the 
next  pit. 

After  walking  about  a  mile  the  road  on  the  right  to  Stanford- 
le-Hope  was  taken,  and  a  pit  at  One  Tree  Hill  seen.  It  was 
pointed  out  that  the  strata  was  much  disturbed  owing  to  slipping. 
A  fine  example  of  a  small  fault  was  seen,  and  also  the  spot  about 
6  ft.  below  the  surface  from  which  the  Director  had  obtained  a 
large  portion  of  a  human  skull  and  other  bones. 

Between  4  and  5  ft.  of  hill  creep  was  above  the  bones,  which 
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'fere  all  in  the  Bagshot  Sand,  the  skull  being  full  of  sand. 
Although  no  signs  of  disturbance  could  be  seen,  a  burial  had  no 
doubt  taken  place  at  some  period  more  or  less  remote.  The 
^nes  have  been  handed  over  to  the  Essex  Museum  by  the 
I)irector. 

From  the  top  of  the  pit  a  good  view  was  obtained  of  the 
Thames  to  the  south  and  of  the  Rayleigh  Hills,  visited  last  year,  to 
^e  East. 

Good  views  to  the  west  were  also  seen  later  on  in  the  day 
from  the  road  leading  to  Horndon  beyond  the  new  church,  and 
?^veral  roadside  sections  in  gravel  examined.  It  appeared  that 
^  the  sections  in  the  west  of  the  hill  the  gravel  did  not  contain 
™uch,  if  any,  of  the  Lower  Greensand  fragments  so  plentiful  in 
the  section  already  visited. 

After  tea  at  the  "  Crown  "  the  President  (Mr.  R.  S.  Herries) 
P^posed  a  hearty  vote  of  thanks  to  the  Director,  and  was 
?l|Pported  by  the  President  of  the  Essex  Field  Club  (Mr.  Miller 
Christy).  The  Director  in  reply  stated  that  there  was  still  much 
^  Jearn  about  the  Essex  gravels,  and  he  hoped  that  energetic 
^embers  of  both  societies  would  thoroughly  investigate  them. 
T*he  party  returned  to  London  by  the  8.30  train. 
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^^'^^  XJRSION  TO   DORTON,  BRILL,  AND  ARNGROVE. 

Saturday,  July  2oth,  1907. 

Director:    A.  Morley  Davies,  D.Sc,  F.G.S. 

Excursion  Secretary:    A.  H.  Williams. 

{Report  by  The  Director.) 

.  "^  party  left  Marylebone  at  12.15  ^"^  reached  Wotton  at  1.30. 
V^^^'alk  of  a   mile   brought  them,  now  numbering   sixteen,  to 

^^on,  where  the  Director  pointed  out  the  position  of  Brill  Hill 
.^    Rid's  Hill,  with  the  Brickfield  at  its  foot  (Fig.  20).    According 

-^ke  Geological  Survey  Map  they  were  then  standing  in  the 
^dle    of   the  outcrop    of    "Lower    Calcareous    Grit,"    here 
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represented  by  an  Exogyra 
nana  clay.  The  Director 
considered  that  the  tracing 
of  this  outcrop  by  Mr. 
Polwhele,  fifty  years  ago, 
through  a  clay  country 
with  no  exposures  except 
pond-diggings  was  an  excel- 
lent piece  of  work.  At 
the  same  time  it  was  only 
natural  that  the  Survey 
should  have  failed  to  dis- 
cover the  existence  of  a 
series  of  folds  which 
brought  up  inliers  of  Ox- 
ford Clay  in  the  midst  of 
the  Corallian  outcrops.  Of 
one  such  inlier  evidence 
was  seen  at  once  in  the 
cutting  under  the  Dorton 
road  bridge,  which  showed 
a  dark  clay  with  numerous 
large  specimens  of  Gryphaa 
dilaiata. 

The  Dorton  cutting, 
which  is  on  the  new  line  of 
the  G.W.R.  to  Birmingham, 
will  eventually  be  forty  feet 
deep,  but  at  present  only 
the  upper  half  of  this  has 
been  excavated,  and  a  walk 
of  half-a-mile  along  ground 
not  yet  opened  up  was 
necessary  before  a  good 
section  of  Ampthill  Clay 
was  reached.  This  was  a 
clay  varying  in  colour  from 
light  grey  to  yellowish- 
white,  with  two  bands  of  im- 
pure limestone.  In  some 
of  the  clay- bands,  Exogyra 
nana  was  found  to  be  ex- 
tremely abundant,  but  a 
hunt  for  other  fossils  only 
yielded  one  small  ammon- 
ite, apparently  a  Peri- 
sphinctes^  one  worn  Cidaris 
spine  (C  smiihii?)  an  A/ec- 
tryonia  gregaria  and  a  few 
doubtful  forms. 
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Attention  was  called  by  Mr.  Sikes,  the  resident  engineer,  to 
hmps  of  highly  fossiliferous  Oxford  Clay,  brought  from  the  tunnel 
^  little  farther  north,  but  the  fossils  were  too  fragile  for  much  col- 
lecting to   be   done.      They   included   Cardioceras,  a  clavellate 
.^^W'^nia,  Modiola,   Pecien^  and  Gryphaa  dilatata.     The  tunnel 
^elf  was  not  accessible,  but  the  party  made  its  way  across  the 
Brill  tramway  and  through  Rushbeds  Wood  to  the  cutting  beyond 
^be  tunnel.    Here  the  Director  called  attention  to  the  curious 
gravelly  drift,  made  up  largely  of  fragments  of  iron-sandstone  of  all 
sizes,  and  lying  in  pockets  in  the  clay,  even  penetrating  under  it  in 
Pj^ces.   The  clay  itself  had  all  the  characters  of  Oxford  Clay  at  the 
^^tom  of  the  cutting  (black  clay  with   Cardioceras  cordatum), 
"^t    higher  up  a  band  of  oysters  yielded  both  Gryphcea  dilatata 
^'^d    Ostrea  discoidea,  the  latter  usually  considered  to  be  confined 
f^     the   Ampthill   Clay.      No   Exogyra    ^lana-zone    was    seen, 
9^^ever,  so  the  cutting  had  to  be  left  with  uncertainty  as  to 
^^ether  it  contained  any  Ampthill  Clay  or  not.* 
^  .  Returning  to  the  road  a  short  walk  brought  the  party  to  the 
'^ll    brickfields,  where  a  fine  section  of  Lower  Kimeridge  Clay 
^^s    seen.     The  clay  at  the  base  contained  abundant  selenite 
r'^st^ls,  and  some  fine  belemnites  converted  into  selenite  were 
^^nd.     Blocks  of  stone  full  of  Serpitla  teiragona  and   Cyprina 
Y^^^iformis  were   broken  up  for  specimens.      From  limestone 
"^^ds   at  a   higher   level  Pholadomya    aqualis  and    Pleuromya 
^S^^'Da  (with  p)erhaps  another  species)  were  obtained ;  and  still 
pSher  the  zone  of  Exogyra  virgida  was  found.      Examination 
^  ^He  workmen*s  hoard  enabled  the  Director  and  Mr.  Newton  to 
j^J^    to  the  recorded  list  of  fossils  the  very  characteristic  species 
y  ^^^honella  inconstans^  as  well  as  vertebrae  and  other  bones  of 

^    ^^yosaurus  and  Plesiosaurus, 

p       'X^ea  was  taken  at  the  Rose  and  Crown,  Brill,  after  which  the 

•pT^^ident  proposed  a  sincere   vote  of  thanks   to  the    Director. 

^^    July  train  alterations  had  given  the  Director  an  extra  three 

^    ^'^ers  of  an  hour  to  dispose  of,  and  as  a  strong  desire  had  been 

^y.^t-^ssed  to  see  the  Arngrove  Stone  in  situ  it  was  decided  to  do 

A^^     in   place   of   examining  the   sections   on    Brill   Common. 

a     ^^^ggonette  was  hired  and  the  party  divided  into  a  driving  and 

-    ^^^Iking  section,  and  succeeded  in  reaching  the  Arngrove  pits 

•  .  ^ime  for  a  hasty  examination  of  the  stone  and  a  quick  return. 

^^ough  the  exposure  seen  was  small,  and  the  time  short,  every 

J?^    was  able  to  obtain  good  examples  of  this  interesting  stone, 

^^^h  is  also  known  as  ^^  Rhaxella  Chert,"  being  very  largely 

^^e  up  of  the  minute  rounded  spicules  of  that  sponge  (see 

^'   ^  27).      Several   fossils  we^e  also  found,  such  as  Cardioceras 

^^^^4itum,  Trigonia,  Modiola^  Serpula,  etc. 

Jl  return  was  made  to  London  by  the  8.10  train  from  Brill. 

of    ^T   Further  examination  has  shown  the  existence  of  E.  nana-beds  at  the  southprn  end 
Qp^^^e  cutiiog,  and  has  revealed    unexpected    complexities   of   structure.— A.M. D., 
"^^^ijer  X2th,  1907. 
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EXCURSION   TO    IPSWICH   AND    CLAYDON. 

In  Connection  with  the  Ipswich  Field  Club. 

Saturday,  July  27TH,  1907. 

Directors :  G.  Slater  and  Miss  Nina  Layard,  F.L.S. 

Excursion  Secretary :  A.  C.  Young. 

{Report  by  GeORGK  SlaTER.) 

The  members  started  from  Liverpool  Street  (G.E.R.)  by  the 
12.45  P-"^-  train,  reaching  Ipswich  Station  2.30p.m.,  whereabout 
fifty  members  of  the  Ipswich  Field  Club  were  waiting  to  receive 
them. 

The  party  immediately  proceeded  to  the  low  hill  west  of 
Handford  Bridge,  and  three-quarters  of  a  mile  north-west  of  the 
station.  The  hill  is  intersected  by  the  railway  between  the 
London  Road  and  the  Hadleigh  Road  over-line  bridges,  and  is 
bounded  by  the  Hadleigh  and  London  Roads,  thus  forming  a 
triangle. 

In  the  year  1900  the  railway  cutting  was  widened  on  the 
north-eastern  side  of  the  line  for  a  distance  of  about  9  chains 
from  the  London  Road  bridge,  the  depth  varying  from  25  ft.  to 
30  ft.,  and  in  November,  1905,  excavations  were  commenced  on 
the  Hadleigh  Road  by  the  local  unemployed  under  the  auspices 
of  the  Ipswich  Town  Council.  A  considerable  number  of  men 
were  engaged  from  time  to  time  in  cutting  back  the  slope  towards 
the  line,  preparing  building  sites,  the  extracted  earth  being  trans- 
ferred to  the  depression  on  the  opposite  side  of  the  road. 

A  halt  was  made  on  the  brow  of  the  hill,  where  the  geological 
structure  of  the  district  was  briefly  described.  The  Chalk  is 
exposed  in  the  valley  of  the  Gipping  for  a  short  distance  only, 
owing  to  the  thick  mantle  of  drift.  It  is  seen  in  a  small  pit  three- 
quarters  of  a  mile  south-east  of  Bramford  Church,  or  one  mile 
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'^orth-west  of  the  Hadleigh  Road  excavations.*  From  this  point 
^ou-ards  the  sea  the  top  of  the  chalk  gradually  sinks  below  the 
Surface  of  the  ground. 

The  general  succession  of  the  beds  above  the  Chalk  in  the 

J'^rnediate  neighbourhood  is  as  follows,  the  thickness  of  the  beds 

^^^g  only  approximate  : 

Boulder  Clay over  20  ft. 

Middle  Glacial over  20  ft. 

Crag 10  to  15  ft. 

London  Clay 27  ft. 

Woolwich  and  Reading  Sands      .  20  ft. 

Thanet  Beds 5  ft. 

Chalk. 

.    -'^t:  was  pointed  out  that  the  scene  of  the  excavations  was 

evid^^jly  the  outcrop  of  the  London  Clay  and  Crag  with  a  little 

^t:l-^e  Woolwich  and  Reading  sands  below  and  Middle  Glacial 

^25^ "^"^j  and  the  chief  interest  of  the  sections  lies  in  showing  the 

^^^^  of  the  intense  pressure  of  ice  on  yielding  and  plastic  beds. 
Ql  -^Xfter  referring  to  the  general  characteristics  of  the  Boulder 
^*^>^  of  the  Eastern  Counties  and  the  general  behaviour  of  ice 
-  /^^^  passing  over  a  country!  (see  the  three  papers  by  Mr.  Harmer 
?^^^^^  in  the  references  at  the  end  of  this  report),  the  passage  of 
*   ^    ^own  the  Gipping  Valley  was  briefly  alluded  to. 

X^'hat  the  valley  was  the  natural  watercourse  in  glacial  times 

^^^    X^roved  by  the  presence  of  certain  gravels  beneath  the  Boulder 

^  "^^^  >?-    which  are  composed  of  chalky  gravel  with  boulders  and 

^,^'~^^""ed  fossils,  and  other  debris  of  glacial  origin.     Specimens  of 

g^^^ed  Boulder  Clays  were  exhibited.     These  gravels  are  well 

p.^*^    amongst  other  places   at  Haughley  Ballast   pit   (Plate  V, 

*S^«    14,    15),   which   was   opened   (1904)   in   order   to  obtain 

^  ^^^^rial  for  the  Mid-Suffolk  Light  Railway,  and  in  a  new  pit  about 

^^^*£*-3-mile  south-east  of  Needham  Market  close  to  the  highway 

^^^^'^ed  in  1905.     In  the  latter  pit  large  blocks  of  Jurassic  sand- 

^^/?^^«,   septaria,  and   limestones   have   been   obtained,  and   the 

-r  **^^wing  derived  fossils,  kindly  identified   by  Dr.  Kitchin  of  the 

^^*^yn  Street  Museum  (July  4th,  1906) : 

Ostreay  probably  derived  from  Ampthill  Clay  horizon, 

Gryphaa  arcuata,  Lias, 

GrypJuea  (many  specimens),  very  common, 

Cardinia  crassissima,  Lias, 

Ammonites  JQSon, 

-,        ^  cup-shaped  fragment  of  spheroidally  weathered  dolerite  was 
^^^^^  found. 

The  distribution  of  this  gravel  appears  to  be  very  irregular, 
^^  opens  out  many  interesting  problems. 

of  m  ^    ^^  "  Geology  of  the  Country  around  Ipswich,  Hadleigh,  and  Felixstowe,"  Memoir 

•^  Geol.  Survey,  p.  7. 
W«^      *"  H.  B.  Woodward,  "The  Chalky  Boulder  Clay  and  the  Glacial  Phenomena  of  the 
^'^ern-Midland  Counties  of  England,"  Brit,  Ass.  Report,  1897. 
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The  question  of  the  disturbance  of  the  underlying  beds  by 
the  pressure  of  great  masses  of  ice  was  now  dealt  with.  The 
amount  of  disturbance  would  naturally  vary  with  the  intensity  of 
the  pressure  and  the  composition  and  relative  resisting  powers  of 
the  beds  below  the  ice. 

The  ice-pressure  would  seem  to  have  been  greatest  at  the 
bottom  of  the  valley,  but  would  also  appear  to  have  varied 
according  to  the  winding  of  the  valley,  having  been  greatest  on  the 
concave  and  least  on  the  convex  sides  of  the  valley,  in  this  respect 
seeming  to  have  behaved  very  much  like  a  stream  of  water. 

This  would  account  for  the  considerable  amount  of  dis- 
turbance seen  at  Claydon,  although  the  top  of  the  pit  reaches 
the  I  GO  ft.  contour  (see  also  Plate  V,  Figs.  8  and  9),  and  for  the 
great  confusion  so  well  seen  in  the  Hadleigh  Road  excavation. 

Where  the  pressure  was  very  great  "planing"  action  took 
place ;  in  favourable  regions  the  ice  buttressing  against  and 
pushing  along  for  considerable  distances  beds  which  impeded  its 
progress.  In  these  cases  the  Boulder  Clay  would  rest  horizontally 
on  the  underlying  beds  (see  Claydon,  Plate  V,  Fig.  7,  north  end 
of  the  pit,  also  the  pit  already  referred  to  three-quarters  of  a  mile 
south-east  of  Bramford  Church). 

Another  interesting  point  proved  by  the  Hadleigh  Road  and 
Railway  sections  was  that  pressure  had  not  only  been  longitudinal 
— />,  down  the  valley — but  also  lateral,  the  beds  being  distinctly 
disturbed  both  N.W.  to  S.E.  and  E.  to  W.,  that  is,  at  right  angles 
to  the  sides  of  the  valley,  a  point  extremely  well  shown  in  the 
whole  of  the  Hadleigh  Road  excavations.  The  effect  of  ice 
pressure  on  the  various  beds  shows  some  interesting  results. 
Plastic  beds  like  London  Clay  are  contorted  and  bent  into 
anticlines,  the  upper  parts  of  which  are  often  truncated,  the 
masses  removed  being  transported  to  some  distance  and  becoming 
intercalated  with  other  beds.  The  general  action  of  the  ice  was 
then  dealt  with,  and  the  remarks  were  illustrated  by  reference  to 
Plate  V,  Figs,  i,  2,  3,  7,  where  buttressing  action  is  well  shown. 

In  the  case  of  soft  sands  the  general  arrangement  seems  to 
have  been  the  passing  of  the  ice  by  gentle  curves  (Plate  V, 
Figs.  13  and  8),  with  not  much  disturbance  of  the  underlying 
beds. 

The  party  now  descended  to  the  railway  cutting,  and  by 
means  of  scale  drawings  were  enabled  to  understand  the  main 
features  of  the  section. 

The  Director  pointed  out  that  none  of  the  material  of  the 
beds  in  the  section  was  /;/  si  til.  Proofs  that  the  masses  of 
London  Clay  were  disturbed  were  shown,  curved  bands  of 
cement-stone  being  well  seen.  An  interesting  point  in  the 
cutting  is  the  presence  of  oval-shaped  transported  masses  of  the 
Crag,  which  have  evidently  acted  like  "  boulders."  (See  also 
Plate  V,  Fig.  12.) 
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It  seems  clear  from  the  section  that  after  the  London  Clay 
masses  became  "  fixed  "  by  slow  and  intense  pressure,  as  shown 
by  the  unbroken  curved  lines  of  cement  stone,  the  Crag  masses 
were  moved  independently,  streaks  and  trails  of  Crag  in  hollows 
of  the  London  Clay  being  fairly  common.  (See  also  Plate  V, 
Fig.  6,  with  Boulder  Clay  between  Crag  beds.) 

Two  sets  of  Boulder  Clays  are  well  marked  in  the  Gipping 
neighbourhood,  the  buff  or  lower  clay  being  characteristic  of  the 
valley.  The  Kimeridgian  above  is  separated  from  this  by  a 
Boulder  Clay  wash  in  the  Railway  Cutting.  But  the  two 
Boulder  Clays  are  seen  at  the  Explosive  Works,  Stow  market, 
without  any  gravel  between,  the  two  being  only  distinguished 
by  colour.  In  many  sections  the  two  merge  imperceptibly  into 
one  another. 

The  party  now  proceeded  to  examine  the  Hadleigh  Road 
<:uttings.  At  the  present  time  the  excavations  are  in  what  is 
practically  a  much  disturbed  outcrop  of  Crag  sand,  and  though 
some  fine  sections  are  still  to  be  seen  showing  disturbed  beds 
at  high  angles  (Plate  V,  Figs.  4  and  5),  yet  many  of  the  best 
sections  are  now  removed. 

Diagrammatic  sections  showing  the  general  arrangement  and 
•disturbance  of  the  beds  were  shown  (Plate  V,  Figs.  2  and  3),  with 
the  general  explanation  of  the  cutting  as  revealed  from  time  to  time. 

A  fine  series  of  photographs  of  the  excavations  taken  by  Mr.  P. 
Boswell,  F.G.S.,  was  shown  exhibiting  many  peculiar  and 
interesting  features  in  sections  now  removed,  with  scale  drawings 
showing  the  shearing  and  contorting  of  beds  of  sand  gravel  and 
masses  of  Crag. 

Perhaps  the  finest  features  of  these  excavations,  now  un- 
fortunately utterly  removed,  were  the  fine  anticlines  of  London 
Clay  with  bands  of  Cement  Stone.  It  is  a  remarkable  fact  that 
the  Cement  Stone  bands  formed  in  many  places  unbroken 
curves  pointing  unmistakably  to  the  enormous  pressure  and 
extreme  slowness  of  the  ice  action.  It  is  also  significant  that  on 
the  opposite  side  of  the  valley,  not  more  than  a  mile  distant,  no 
trace  of  disturbance  in  the  London  Clay  has  been  seen,  although 
two  pits  in  I  he  London  Clay,  on  the  same  level  as  the  Hadleigh 
Road  Cutting,  have  been  worked  for  many  years.  The  sharp 
bend  in  the  valley  so  well  shown  on  the  contoured  ordnance 
map,  has  resulted  m  the  site  of  the  Hadleigh  Road  excavations, 
which  is  on  the  concave  side  of  the  valley,  being  exposed  to  the 
full  force  of  ice  pressure  coming  down  the  valley,  whilst  the 
narrowing  of  the  valley  at  Ipswich  would  naturally  increase  the 
lateral  pressure. 

Miss  Nina  Layard,  F.L.S.,  gave  a  short  account  of  an  Anglo- 
Saxon  cemetery  on  the  spot  which  was  opened  during  the 
early  portion  of  last  year.  She  personally  examined  159  graves. 
The  cemetery  was  of  irregular  shape,  about  400  ft.  by  105  ft.,  and 


EXCURSION   TO   IPSWICH  AND   CLAYDON.  IQI 

is  believed  to  have  been  a  pagan   burial  place  of   the  sixtli 
century. 

The  bodies  were  all  buried  in  a  horizontal  position  with 
arms  at  the  sides.  Numerous  relics  came  to  light  in  the  shape 
of  weapons,  articles  of  personal  adornment,  household  utensils, 
pottery,  glass,  and  beads ;  these  were  found  buried  with  the 
skeletons.  There  were  also  about  two  dozen  urns  for  holding 
cremated  remains.  The  pottery  was  in  all  cases  very  rough,  and 
an  the  few  instances  in  which  it  was  adorned  the  decoration 
consisted  of  indentations  made  by  pressure  of  the  thumb  from 
"within  the  unbaked  pot.  while  a  peculiar  feature  of  the  cemetery 
was  that  though  numbers  of  spear-heads  and  javelins  were 
discovered  not  a  single  sword  was  found. 
The  relics  include : 

42  spear- heads,  77  knives,  16  bosses  of  shields,  32  necklaces 
of  beads  containing  848  beads,  one  necklace  composed  of  a  silver 
ring,  16  small  bronze  buckles,  4  glass  drinking  cups,  and  many 
other  remains  which  throw  much  light  not  only  on  the  burial 
customs  but  on  the  actual  living  customs  of  our  Anglo-Saxon 
ancestors. 

A  hearty  vote  of  thanks  to  Miss  I^yard  was  proposed  by 
Mr.  Slater  and  seconded  by  Mr.  Herries  on  behalf  of  the 
Geologists'  Association. 

Leaving  the  Hadleigh  Road  excavations  the  members  left 
Ipswich  Station  at  4.35  p.m.  for  Claydon,  where  tea  was  provided 
by  the  Ladies'  Committee  of  the  club  in  the  beautiful  grounds  of 
the  rectory  at  the  invitation  of  the  Rector  (The  Rev.  Ansell  Jones) 
and  Mrs.  Jones,  to  whom,  as  well  as  to  the  ladies,  Mr.  Slater  pro- 
posed a  vote  of  thanks.  In  seconding  it  Mr.  Herries  took  the 
opportunity  of  asking  for  a  hearty  vote  of  thanks  to  Mr.  Slater 
for  the  interesting  excursion  which  he  had  provided.  All  these 
votes  were  carried  by  acclamation. 

After  tea  the  Claydon  Chalk  Pit  was  visited,  and  the  fine 
exposure  was  explained  in  detail  (Plate  V,  fig.  7).  The  whole 
section  has  been  cleared  and  measured  by  the  Director,  and  by 
means  of  drawings  supplied  the  various  features  were  easily 
followed. 

The  section  Fig.  21*  corresponds  with  the  southern  half  of 
the  present  section,  although  the  pit  has  been  cut  back  a  con- 
siderable distance  since  1875.  The  buttressing  of  Boulder  Clay 
is  extremely  well  marked  at  the  northern  end.  The  hard  beds 
are  decalcified  Crag,  shells  and  a  bone  having  been  found  by 
the  Director.  The  two  masses  of  Boulder  Clay  were  also 
proved  to  be  connected,  and  to  form  part  of  the  same  bed. 
The  Boulder  Clay  is  the  buff  or  valley  variety,  not  the  plateau 
or  Kimeridgian  type. 

The   remarkable  planing   action  of  the  ice  on  clay  of  the 

•  •'  Geology  of  the  Neighbourhood  of  Stowmarket,"  W.  Whitaker  and  others,  1881,  p.  10. 
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Thanet  series  was  dwelt  upon  (Plate  V,  Fig.  7, 
the  large  Chalk  Boulder  (42  ft.  long)  was  clearl 

The  section  generally  represents  buttressin 
by  the  ice  of  masses  of  Crag  and  sands ;  th 
wedge  of  Boulder  Clay  beneath  Thanet  bed 
probably  due  to  the  beds  being  frozen  in  the  : 
higher  levels  by  means  of  thrust  planes  in  the  i 

The  pot-holes,  a  common  feature  of  the  C 
bourhood,  were  also  explained.  The  large 
end,  now  obscure,  was  revealed  January  ist, 
was  as  much  as  57  feet.  After  a  hard  frost  fc 
the  face  of  the  cliff  fell  out,  and  a  large  quan 
with  dtbris  a  pit  below  1 5  ft.  deep,  doing  consi< 

After  referring  to  Trimmer's  researches  (s< 
was  pointed  out  that  there  was  no  clear  eviden( 
the  pot-holes  in  the  present  pit,  the  probabilit 
that  they  were  pre-Eocene.  Photographs  were 
pot-hole  during  various  stages. 

Proceeding  to  the  little  village  of  Whitton 
the  electric  car  to  Ipswich  Station,  leaving  f 
8  o'clock. 
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EXPLANATION   OF    FIG.  I. 
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fid — probably  Woolwich  and  Reading  Beds — very  fine  grained. 

Iky  Gravel. 

iidon  Clay  with  bands  of  Cement  Stone, 
(.nsported  masses  of  Crag,  generally  oval-shaped. 
]ivel  and  Sand,  disturb^  and  contorted.    Boulder  Clay  wash 
■  twccn  the  two  Boulder  Clays 

'  Boulder  Clav,  bedded  in  lower  part  and  containing  streaks  of 

rag,  masses  of     rag  and  gravel,  etc. 

neridgian    Boulder   Clay,  separated  from  6  by  gravel-chalky 
Knd,  very  distinct, 
'ravel  (River  Terrace). 
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EXPLANATION   OF   SECTIONS. 

The  sections  illustrate  the  following  features  : 

I.    Buttressing  (Fig  7  B,  Fig  l),  ig.,  where  hard 

beds  are  met  with. 
II.    Contortion  (Figs.  2,  3,  4,  S). 

III.  Over-riding  (Fig.  13,  Fig.  i). 

IV.  Planing  (Fig  7).  _        ,^.  ,,.      ^ 
V.     PrescnceofTorrenlsofWater(Figl4,i5,Fig.l). 

(gr;iveU  beneath  B.C.). 
>     Probable  direction  of  Ice. 


To/ace  pagt  v^i. 
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LONG    EXCURSION    TO    THE    APPLEBY    DISTRICT, 
WESTMORELAND. 

August  15TH  to  24TH,  1907. 

Director :  John  Edward  Mark,  Sc.D.,  F.R.S. 
Excursion  Secretary  :  A.  C.  Young. 

{^Report  by  THE  DIRECTOR.) 

A  PARTY  numbering  about  45  assembled  at  the  Tufton  Arms 
Hotel,  Appleby,  on  the  evening  of  Wednesday,  August  14th,  to 
study  the  geology  of  the  surrounding  district,  and  remained  until 
Saturday,  August  24th.  They  were  fortunate  in  being  favoured 
with  good  weather  during  the  greater  part  of  their  stay,  the  only 
rain  of  any  importance  falling  on  the  22nd,  when  they  visited 
Shap  Quarries,  and  on  that  day  the  drive  to  and  from  Shap  was 
accomplished  without  rain.  The  broken  weather  was  in  reality 
beneficial,  allowing  of  excellent  views  owing  to  the  clearness  of 
the  hills. 

Thursday,  August  15TH. 

The  members  of  the  Association  first  ascended  the  river 
banks  above  the  town,  where  the  Director  explained  the  general 
geology  and  its  influence  upon  the  main  scenic  features.  Beneath 
them  was  the  Eden  in  an  incised  meandering  valley,  now  being 
modified  by  the  formation  of  alluvial  flats  and  the  partial  extinc- 
tion of  the  old  spurs.  The  advantageous  position  of  Appleby, 
built  on  one  of  these  spurs,  with  its  castle  commanding  the 
higher  part  of  the  spur,  was  seen.  The  comparatively  low  ground 
of  Edenside,  occupied  by  the  New  Red  Sandstone  rocks,  was 
pointed  out  as  extending  to  about  two  miles  west  of  Appleby  and 
three  to  four  miles  east  of  that  town.  Looking  east  over  Eden- 
side, the  party  saw  the  great  scarp  of  the  Pennine  Chain,  com- 
posed of  Carboniferous  rocks,  with  the  pointed  hills  of  Lower 
Palaeozoic  rocks  fronting  the  scarp.  It  was  explained  that  a 
small  fault — the  Inner  Pennine  Fault — lay  between  the  pointed 
hills  and  the  scarp  behind  them,  while  a  great  fault — the  Outer 
Pennine  Fault — lay  immediately  in  front  of  the  Ix)wer  Palaeozoic 
hills,  separating  them  from  the  lower  ground  occupied  by  New 
Red  Sandstone.  It  was  stated  that  a  third  fault — the  Middle 
Pennine  Fault — also  existed,  separating  older  Ordovician  strata 
on  the  east  from  higher  Ordovician  and  Silurian  beds  in  the 
west.  Turning  westwards,  the  Director  explained  that  the  Lower 
Palaeozoic  tract  of  Lakeland  seen  in  the  distance  was  succeeded 
by  terraced  ground  composed  of  Lower  Carboniferous  strata,  and 
that  these  strata  were  unconformably  overlain  by  the  New  Red 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  3,  1907.]  15 
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Sandstone  rocks,  though  no  section   showing  the  unconfon 
could  be  seen. 

The  party  then  walked  across  the  New  Red  Sandstone  st 
to  Hilton  village.     The  position  of  the  Lower   Brockram 
pointed  out  and  the  false-bedded  Penrith  Sandstone  exami 
in  the  street  of  Bongate,  after  which  the  party   proceedec 
Hilton  Beck.     Here  the  Director  indicated  the  position  of 
Upper  Brockram  in  the  middle  of  the  Penrith  Sandstone. 
Hilton  Shales  were  examined,  and  a  few  plants  were  found  th 
in.     On  approaching  Hilton  village  a  good  section  of  the 
Bees  Sandstone  was  observed  in  two  quarries,  and  in  the  n 
easterly  section  a  tongue  of  drift  was  seen  forced  beneath  a 
jecting  mass  of  the    Sandstone    (see  Plate  VI,    fig.    i). 
reaching  the  village  the  party  lunched,  and  then  walked  up 
Beck  to  the  Scordale  Lead  Mines.     The  position  of  the  O 
Pennine  Fault  was  shown  near  the  old  Smelt   Mill,    beds 
Caradoc  age  (Dufton  Shales),  being  seen  within  a  few  yards  of 
St.  Bees  Sandstone.     Farther  up  stream  the  general  positioi 
the  Middle  Fault  was  indicated,  and  shortly  after  this  an  expoi 
of  Skiddaw  Slate  was  examined. 

The  Inner  Fault  was  in  turn  crossed,  and  the  party  fo 
themselves  on  Carboniferous  rocks.     These  were  examined  i 
the  Lead  Mines,  where  the  Whin  Sill  was  also  hammered, 
Mr.    Fearnsides  noticed  that  the   heavy-spar  which  was   b< 
worked  occurred  in  lenticles  beneath  the  Whin  Sill. 

From  Hilton  village  the  parly  drove  back  to  Appleby,  w\ 
was  reached  at  a  quarter  past  six.  After  dinner,  the  Dire< 
having  been  misinformed,  and  believing  that  it  was  customary 
explain  the  day's  proceedings  by  aid  of  a  blackboard,  procee( 
to  do  so,  and  was  induced  to  do  the  same  on  succeed 
evenings. 

Friday,  August  i6th. 

The  party  drove  to  Knock,  starting  at  9.30,  and  devoted  t 
day  to  a  detailed  study  of  the  succession  and  characters  of  i 
Lower  Palaeozoic  strata.  Leaving  the  village,  and  ascend; 
Swindale  Beck,  the  general  position  of  the  Outer  Pennine  Fa 
was  indicated.  The  first  rocks  to  be  hammered  were  of  Wenlc 
age  (Brathay  Flags),  and  yielded  a  good  specimen  oiMonograp 
priodon.  It  was  explained  that  as  the  beck  was  ascended  loi 
strata  were  met  with.  The  next  beds  examined  were  ; 
Browgill  deposits  (of  Gala-Tarannon  age).  Here  a  cunsidera 
number  of  graptolites  of  the  higher  zone  (including  Monograp 
crispus,  M,  marri^  and  Retiolites  geiniizianus)  were  obtained,  a 
specimens  of  the  mica-trap  dyke  which  breaks  through  1 
Browgill  beds  at  the  junction  of  Swindale  and  Great  Rund 
Becks  were  secured.  This  is  the  dyke  which  is  figured  in  ] 
Teairs    "British    Petrography."      The    party   secured    save 
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Plate  VI. 


Fig.  I.— Drift  on  St.  Bees  Sandsionf,  Hilton  Re(  k 


Fig.  2.— Dufton   Pike  (to  left),  Brownber  (centre),  and  the 

Carboniferous  Scarp  (to  right). 

Photos  by  W.  G.  Feai  nsides. 
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corroded  phenocr}sts  of  felspar  like  those  of  the  Shap  Granite 
froin      this  dyke,  also  samples  of  other  inclusions,  one  of  which 


resembled  the  quartz-porphyry  of  Dufton 

M^      rurriculatus'  zone 

was      shown ;    it    was 

explained     that     the 

Skelgill     beds     were 

here     faulted    out, 

though  exposed  in 

Great  Rundale  Beck, 

where  they  were  sub- 
sequently     seen      by 

some    of    the    party. 

The     highest    Ordovi- 

cian      rocks,     Ashgill 

Shales,  were  indicated, 

and      then     attention 

^^^    called   to  a  grey 

nodular     limestone, 

^b»ch     the     Director 

J^l^inied     to     be 

"K^tisley  Limestone/' 

"•^nimers  were   soon 

^^    Work,    and    some 

fossils  extracted.    One 

«"ind     by     Mr.     H. 

^^ssett,  apparently  a 

^^^rocephalus^      was 

kindly  handed  by  him 

^^    the  Director,  and 

^"^    President  made  a 

remark,  which  should 


The  position  of  the 


be 


recorded,    to    the 


^^^t  that  specimens 
whieh  were  of  use  to 
^"^  Directors  of  ex- 
^^""sions  should  in 
niost  cases  be  given  to 
yj?ni.  The  present 
pi'ector  gratefully  ac- 
*^Ov?ledges  that  this 
^  done  whenever  a 
^P^cimen  of  interest 
^  him  was  found. 
,  .  The  party  had 
'J^^herto  been  floun- 
.  ^ring  along  a  steep 
^^nk  through  under- 
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growth,  but  now  reached  open  moorland,  where  they  lunched 
and  examined  the  Dufton  Shales,  from  which  some  fossils 
were  extracted.  After  this  the  Corona  Beds  were  tapped,  and 
it  was  pointed  out  that  some  of  the  limestone  bands  therein 
were  largely  composed  of  ostracods.  These  Corona  Beds  repose 
on  the  rhyolitic  group  of  rocks  which  form  Knock  Pike,  and 
specimens  of  the  interesting  eutaxitic  rhyolite  with  inclusions  of 
an  earlier  andesite  were  obtained  from  the  beck.  Higher  up 
stream  the  Middle  Pennine  Fault  was  actually  seen  with  rhyolite 
to  the  west,  Skiddaw  Shales  to  the  east,  and  a  crush-belt  along 
the  fault  with  an  intrusion  of  mica-trap.  From  here  some  of  the 
party  ascended  Knock  Pike,  while  others  visited  the  Skelgill  Beds 
of  Great  Rundale  Beck  and  the  quartz-porphyr)*  with  large 
phenocrysts  of  biotite,  which  is  exposed  on  the  western  flanks  of 
Dufton  Pike.  Tea  was  obtained  at  the  Pack  Horse  Inn,  at 
Knock,  and  the  party  drove  back  to  Appleby,  which  was  reached 
at  6.45. 

Saturday,  August  17TH. 

The  party  drove  to   Hilton   at  9.30,  the  object  of   the  day 
being   study  of  the  geology  of  Roman  Fell.     The   Ordovician 
rocks   of  the  western  slopes  were  examined,  and   some  fossils, 
including  Lingula  Unuigranulaia,  extracted  from  the  Corona- beds. 
Ascending  one  of  the  streams  which  seam  the  western  face,  the 
party  soon  reached  the  **  Polygenetic  "  conglomerate,  a  boulder 
conglomerate  containing  a  great  variety  of  pebbles  in  a  somewhat 
incoherent  matrix.     Many  of  the  pebbles  are  slickensided,  bent, 
and  even  faulted.     Higher  up  the  Fell  another  conglomerate,  the 
Roman  Fell  Conglomerate,  was  reached.     This  consists  chiefly  of" 
hard,  yellow- brown  sandstone  with  many  seams  of  quartz-pebbles- 
The  unconformity  between  these  conglomerates  and  the  Lowef 
Palaeozoic  Rocks  was  clearly  discerned. 

Thence  a  move  was  made  to  the  summit  of  Roman  Fell, 
where  it  was  seen  that  the  sandstone  is  often  superficially  con- 
verted into  quartzite  by  recent  weathering.  Proceeding  south- 
ward:s  a  cross-fault,  which  brings  the  Melmerby  Scar  Limestone 
against  this  conglomerate,  was  reached,  and  from  this  point  a  fine 
view  was  obtained  of  the  broken  blocks  of  ground  occupied  by 
the  Lower  Carboniferous  rocks  near  Hrough.  It  was  seen  that 
the  downthrow  of  the  faults  was  constantly  to  the  south,  and  the 
Director  showed  how  this  was  connected  with  the  dying  out  near 
Brough  of  the  Outer  Pennine  Fault.  The  line  of  fault  separat- 
ing the  conglomerate  from  the  Melmerby  Scar  Limestone  was 
followed  down  the  east  side  of  Roman  Fell  to  Swindale  Beck  (a 
different  beck  from  that  visited  on  Friday).  In  this  beck  a  lime- 
stone was  pointed  out  from  which  Prof.  Ciarwood  has  obtained 
fossils  which  prove  that  it  is  below  the  Dtbufwphy/Ium-zonc- 
Mr.  Whitaker,  struck  with  some  swallow-holes  during  the  descent 
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took  some  of  the  members  to  the  summit  of  the  Melmerby  Scar 

Limestone  on  the  east  side  of  Swindale.   There  they  were  rewarded 

^th  a  view  of  a  fine  series  of  these  holes.     The  party  had  tea  at 

Hilton  and  drove  back  to  Appleby,  which  they  reached  about 

^  p.m.      After  the   blackboard   demonstration   in   the  evening 

Mr.  Whitaker  kindly  gave  an  explanation  of  the  nature  and  mode 

of  fomiation  of  the  swallow-holes. 

Monday,  August  19TH. 

The  members  of  the  Association  at  9.30  drove  to  Harbour 

^t  under  the  Fells,  and  walked  up  the  bottom  of  the    High 

Cup  Valley  to  High  Cup  Nick  (see  Plate  VII,  Figs,  i  and  2).   The 

hills  were  singularly  clear  and  fine  views  were  enjoyed.    The  cirque- 

"ke  character  of  the  head  of  the  valley  with  its  precipice  carved  in 

^e  Whin  Sill  topped  by  the  Tyne-Bottom  Limestone  was  noted, and 

^ttention  called  to  the  cutting  back  of  the  High  Cup  Valley  into  the 

Maize  Beck,  drainage-benches  of  the  old  valley,  which  was  tributary 

^  Maize  Beck,  still  existing  on  either  side  of  the  upper  part  of  the 

**%h  Cup  Valley.     Many  of  the  party,  in  order  to  get  a  better 

l**^^,  ascended  Narrowgate  Beacon  and  walked  along  the  ridge. 

^'^Rleborough  to  the  south,  the  I^ke  District  Hills  to  the  west, 

^  Crififel  on  the  other  side  of  Sol  way  were  all  clear,  and  the 

P^^ty  therefore   had   an   exceptional   opportunity  of   seeing  the 

^•"s^es  taken  by  the  glacial  boulders  which  eventually  found  their 

^y  over  Stainmoor.     The  members  had    tea  at    the   Stag  Inn 

*^ufton,  and  after  examining  the  quarries  in  the  St.  Bees  Sand- 

^^'^e  returned  to  headquarters. 

Tuesday,  August  2oth. 

,  .^  A.n  alteration  in  the  order  of  the  programme  was  made,  and 

"^  c3ay  devoted  to  Melmerby.     The  party  drove  along  the  Fells, 

*^^«^g  the  structure  of  the  Pennine  Chain  along  the  whole  of  that 

P^ion  which  is  flanked  by   I^wer  Palneozoic  rocks.     A  slight 

^tovjr  was  made  to  see  the  village  of  Milburn,  for  many  years 

^^^bode  of  the  late  Mr.  J.  G.  Goodchild,  whose  papers  on  the 

g«>log)-  of  the  district,  especially  with  reference  to  the  glacial 

P^^nomena,  are  so  well-known.      Reaching  Melmerby  the  party 

?^*^ined    the    unconformity   between  the  Skiddaw  Slates  and 

^^    polygenetic  conglomerate  on    the  fell-road    south  of  Rake 

T^^.     The  great  fault  which  brings  the  Melmerby  Scar  Lime- 

^^n^   from   Melmerby  High  Scar   to   Melmerby  I^w  Scar  was 

^.^"^n,  and  it  was  observed  that  its  throw  was  in  the  opposite 

^^5'^cnion  to  that  of  the  faults  about  Brough,  it  being  connected 

^^ith  the  northerly  diminution  of  the  throw  of  the  Outer  Pennine 

l^^^lt      Walking  along  Rake  Brow  the  lavas  and  ashes  of  the 

f'Tcott  Series  of  the  Borrowdale  volcanic  group  were  hammered, 

^^clviding  a  handsome  rock  with  large  plagioclase  phenocrysts. 
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Farther  on  the  Middle  Pennine  Fault  was  crossed,  and  the  rhyolitic 
group  seen,  with  a  Tertiary  dyke  breaking  through  its  rocks.  On 
reaching  the  Alston  Moor  Road  these  rhyolitic  rocks  were  seen 
to  be  succeeded  by  the  Corona  Beds,  from  which  fossils  were 
extracted.  Tea  was  obtained  at  Melmerby,  and  the  party  thence 
drove  back  to  Appleby. 

Wednesday,  August  2ist. 

This  was  essentially  a  day  for  collecting.  Driving  to  Duflton 
an  ascent  of  Pusgill  Beck  was  first  made.  The  Dufton  Shales 
of  that  beck  were  hammered,  and  higher  up  stream  the  Corona 
Beds  were  found.  This  is  the  best  section  for  obtaining  Tremaiis 
corona^  and  a  fine  suite  of  that  fossil  and  other  organisms  was 
obtained. 

A  good  view  was  seen  to  the  north,  showing  the  position  of 
the  three  great  faults  (see  Plate  VI,  Fig.  2,  which  shows  the 
notches).  The  Inner  Pennine  Fault  was  seen  to  be  responsible 
for  the  notch  between  Brown ber  and  the  main  scarp,  the  Middle 
Fault  for  the  notch  between  Brownber  and  Dufton  Pike,  while 
the  Outer  Pennine  Fault  was  marked  by  the  appearance  of  the 
low  ground  occupied  by  New  Red  Sandstone  to  the  west  of 
Dufton  Pike. 

Here  the  party  divided,  some  ascending  Dufton  Pike,  others 
visiting  Brownber  to  see  the  Skiddaw  Slates  converted  into 
sericite  schists  along  the  folded  quartz-veins  as  the  result  of 
pressure-metamorphism.  Those  who  had  not  S(;?en  the  Dufton 
quartz-porphyry  now  visited  it  and  obtained  specimens,  and  the 
party  reunited  for  tea  at  the  Stag  Inn,  Dufton.  Afterwards  they 
visited  Keisley,  where  the  Director  explained  his  views  as  to  the 
limestone  (see  Geol.  Ma^.^  Dec.  v,  vol.  iii,  p.  481).  Before 
inspecting  the  limestone  the  Director  pointed  out  the  shales  of 
the  Dimorphograptus-zono.  of  the  Skelgill-beds,  faulted  against 
the  limestone,  and  from  these  shales  Mr.  L.  E.  Ridley  fbund 
(and  handed  to  the  Director)  a  very  beautiful  specimen  of 
DimorphograpUis,  From  Keisley  a  return  was  made  to  Appleby, 
some  of  the  party  driving,  others  walking  through  Flake  Bridge 
Wood. 

Thursday,  August  2:nd. 

The  party  drove  to  the  Shap  Granite  Works,  vid  Morland. 
'J'he  first  halt  was  made  at  the  road-metal  quarries  in  the  Andesitic 
series  by  the  high  road  on  the  north-east  side  of  the  granite. 
Here  excellent   sjx»cimens  of  the   metamorphosed   rocks   were 
obtained,  more  especially  of  the  altered  metalliferous  veins  which- 
seam  the  andesitic  rocks.     Specimens  of  garnet,  actinolite,  epidote^ 
and  pyrites  were  extracted  from  these  veins,  one  specially  fines 
specimen  found  by  Mr.  W.  H.  Barnes  being  handed  to  the  Director^ 
The  party  walked  along  the  tramway  to  the  quarry,  seeing  on  ih^ 


pROC.  Geol.  Assoc.,  Vol.  XX,  Part  3. 


Plate  VIl. 


Fig.  I. — High  Crv  Gill.    Thil  Ka^t  Kni>  sn()\NL\<i  CnhK  ok  Whin  Sill. 


Fifj.  2 —High  Crp  Gill.    Thk  Soi.th  .Sidk  sv.ak  the  ''Nick."  showing 

COLrM.NAR  STkrCTLKEOF  WhIN  SiLL  AND  BeNCH  OF  0LI»  VaLLEY  BeVOND. 
Photos  h\  \V.  G.  FtarMsiiies. 
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way  a  junction  between  the  granite  and  the  rhyolitic  series,  and 
further  on,  moutonnet  surfaces  of  granite  showing  well-marked 
striae.  On  reaching  the  quarry,  the  granite  and  its  "inclusions  "  were 
examined.  It  was  pointed  out  that  many  of  the  "  inclusions " 
were  more  basic  than  the  granite  itself,  and  contained  corroded 
phenocrysts  of  the  felspar  typical  of  the  granite,  with  plagioclase 
borders.  The  resemblances  between  these  "  inclusions  "  and  the 
mica-trap  dykes  were  noted,  and  the  Director  explained  that  the 
relationship  b>etween  these  was  the  reason  of  their  visit  to  Shap, 
which  was  necessary  in  order  that  they  might  understand  the 
significance  of  the  mica-traps  of  the  Appleby  tract.  From  here 
a  move  was  made  to  Wasdale  Head  Farm,  and  a  study  of 
metamorphism  of  the  Upper  and  Lower  Coniston  Limestones, 
and  of  the  intercalated  rhyolitic  flow  made.  The  party  returned 
to  Shap,  where  they  had  tea,  and  drove  back  to  Appleby. 

I'ktuav.  Ai;g.  23RD. 

The  members  took  train  for  Ravenstonedale,  where  they 
arnved  at  12.14.  From  the  station  the  Director  described  the 
general  features,  pointing  out  that  they  were  in  a  horseshoe- 
shaped  valley  which  lay  in  a  geological  trough  between  the  dying- 
^^^  Lake  District  anticline  on  the  north  and  the  Howgill  Fell 
anticline  on  the  south.  He  explained  how  the  Lune  rose  on  the 
former  anticline  at  Shap  Summit,  and  cut  through  the  greater 
"owgill  anticline  to  the  south,  forming  the  gorge  between  Tebay 
?^d  Low  Gill,  and  that  the  river  rising  near  the  station  flowed 
'"to  the  Lune. 

Walking  by  Friar  Bottom  to  Colbeck,  the  case  of  capture  oi 
t"e  headwaters  of  this  portion  of  the  Lune  drainage  by  the 
tnbuiary  of  the  Eden  which  has  cut  the  gorge  near  Smardale 
^tion  was  explained.  An  account  of  this  will  be  found  in  the 
P^.P^ron  the  **  Geology  of  the  Appleby  District,"  written  by  the 
l^'rector  [ante, p.  146).  From  Coldbeck  the  party  went  through  the 
^'^'^eof  Ravenstonedale  to  Starie  (iill,  where  they  saw  the  Z.  beds 
^' the  Lower  Carboniferous  rocks  and  extracted  fossils  therefrom, 
^^}  finest  specimen  being  presented  to  the  Director  by  Mr.  H. 
J^'^all.  Returning  to  the  village,  they  had  tea  at  the  Black 
^-wan,  then  made  their  way  to  Kirkby  Stephen  by  road  or  rail, 
?"d  visited  the  remarkable  pot-holes  worked  by  the  river  Eden 
"^  the  well-jointed  Brockrams  of  Stenkrilh  Bridge.  The 
P^^' returned  to  Appleby  at  7.3. 

After  dinner  the  President  (Mr.  R.  S.  Herries)  propo.sed  a 
!?'^  of  thanks  to  the  Director,  Mr.  E.  P.  Ridley  one  to  the 
^'^cursion  Secretary  (Mr.  A.  C.  Young),  and  Mr.  Potter  one  to 
^"^  President.  The  recipients  of  the  votes  replied.  It  was 
'"^ped,  on  the  suggestion  of  Mrs.  Ridley,  that  a  letter,  signed  by 
^^  present,  should  be  sent  to  Mr.  Griffith,  who  had  been  present 
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throughout  the  excursion  until  that  morning,  congratulating  him 
on  the  attainment  of  his  eightieth  birthday.  This  was  done,  and 
thus  ended  the  I-»ong  Excursion  of  1907. 

Before  leaving  Appleby  most  of  the  party  visited  the  quarry 
in  the  Lower  Brockram  at  Burrells,  south-west  of  Appleby.  An 
animated  discussion  as  to  its  origin  took  place,  Mr.  R.  D.  Oldham 
and  Mr.  Brook-Fox  taking  an  active  part. 

The  references  have  already  been  given  on  pages  147  and  148. 
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Saturday,  September  28th,  1907. 

Centenary  Celebration  of  the  Geological  Society  of 
London. 

Directors :  Mr.  H.  W.  Monckton,  Treasurer  of  the  Geological 

Society,  Mr.  O.  A.  Shrubsole,  F.G.S.,  and  Mr.  H.  J. 

Osborne  White,  F.G.S. 

Excursion  Secretary  of  the  Association  :  Mr.  A.  C.  Young, 
17,  Vicar's  Hill,  Lewisham,  S.E. 

(^Report  hy  ThE  DIRECTORS.) 

This  excursion  was  held  in  connection  with  the  celebration  of 
the  Centenary  of  the  Geological  Society,  and  the  Fellows  of  the 
Society  and  their  Foreign,  Colonial,  and  British  guests  were 
invited  to  attend.  The  President  of  the  Association,  Mr.  R.  S. 
Herries,  with  a  party  of  about  fifty,  left  Paddington  Station  at 
9.50  a.m.,  and  reached  Reading  at  10.38. 

From   the   station   the   members   walked    to    the    Reading 
Museum.     The  first  room  contains  the  fine  collection  of  coins, 
metal  implements,  glass,  pottery,  etc.,  from  the  Roman  town  of 
Silchester,  which  is  situated  less  than  13  kilometres  a  little  west 
of  south  of  Reading.     After  a  brief  examination  of  these  remains 
the  members   passed  into   the  next  room,  where  the  President   - 
expressed  the  pleasure  with  which  he  welcomed  the  Fellows  of  the  ^ 
Geological  Society  and  their  guests,  and  asked  Mr.  Shrubsole  to  ^ 
say  a  few  words  about  the  Geological  Collection. 

Mr.  Shrubsole  said  that  although  the  collection  was  a  small  one,^  - 
an  endeavour  had  been  made  to  illustrate  the  geology  of  the  countr)^^ 
around  Reading,  and  he  directed  the  attention  of  those  presenr  m 
more  particularly  to  the  numerous  relics  of  the  Stone  Age  which^ 
had  been  obtained  from  the  Valley  of  the  River  Thames  in  th»-^ 
vicinity  of  that  town. 
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For  the  sake  of  comparison  a  series  of  implements  from  other 
localities,  including  fine  specimens  from  Egypt  and  India,  were 
exhibited.  He  remarked  that  Egypt  seemed  to  have  led  the  way 
even  in  Palaeolithic  times. 

The  long  duration  of  the  Palaeolithic  stage  was  shown  by  the 
occurrence  of  implements  in  stratified  gravel  at  various  levels, 
proving  that  man  had  occupied  the  Thames  Valley  during  a 
period  in  which  the  bed  of  the  river  had  been  excavated  more 
than  thirty-five  metres.  He  exhibited  an  implement  which  ap- 
peared to  have  been  remade  from  a  broken  one  of  a  much  older 
date. 

A  small  collection  of  the  rude  forms  termed  Eoliths  was  also 
shown.  They  had  been  obtained,  for  the  most  part,  from  Plateau 
Gravels  some  120  metres  above  sea-level,  and  situated  to  the  east 
of  Reading. 

Fossils  illustrating  the  Eocene  sections  to  be  visited  during 
the  day  were  distributed  among  the  visitors. 

On  leaving  the  Museum  the  members  walked  to  the  brick- 
fields on  the  eastern  bank  of  the  River  Kennet,  in  the  southern 
suburbs  of  Reading.  The  working  known  as  the  Waterloo 
Brickfield  was  first  visited,  and  on  arrival  there  Mr.  Monckton 
gave  a  short  account  of  the  geological  succession  in  the  district. 

The  following  is  a  summary  of  the  scries,  the  beds  being 
given  in  descending  order: 

London  Clay  (^Y/>resian)y  which,  with  a  capping  of  Gravel,  forms  the  top 

of  the  hill,  but  is  not  shown  in  the  section. 
Basement-uki)  of  the  London  Clay.     36  metres  thick.     Ditrupa  plana^ 

Pcctunculus  (^Axincra')  brevirostris^  etc. 
Reading  Bkds.     (^Vpper  landtnian)  : 

i.     Variously-coloured    mottled    Plastic   Clays.      Thickness    about 

13  metres, 
ii.     Sand    with    irregular    layers   of    grey   clay.      Thickness    about 
6   metres.     This   is    the    Reading   Plant    Bed   (compare    the 
Gelinditt  Bfds)  and  is  very  well  shown, 
iii.     The    Dottom-beds    of   the    Reading    Series,    with    Ostrta    hello- 
vacinay  not  now  exposed  here. 
Chalk    {Senoniati)    not   seen    but  about    5  metres    below   the    floor   of  the 
working. 

The  junction  of  the  Eocene  Beds  and  the  Chalk  was  not  to 
be  seen,  but  Mr.  Monckton  said  that  he  had  often  had  oppor- 
tunities of  examining  it.  He  believed  the  top  of  the  Chalk  to  be 
a  sea-eroded  surface.  It  was  often  marked  with  small  perforations, 
possibly  due  to  boring  molluscs,  or  to  the  roots  of  seaweed,  or  to 
both. 

In  the  clayey  bed  resting  upon  the  Chalk  there  were  many 
flints,  green  externally  and  not  water-worn.  Similar  stones, 
which  have  been  termed  "  green-coated  flints,"  are  found  in  a  like 
position  elsewhere,  and  it  has  been  sui^gested  that  they  may  be 
due  to  the  underground  decay  of  the  Chalk.      The  question  is 
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<iiscussed  by  Mr.  W.  Whitaker  in  his  "Geology  of  London" 
{Mem,  GeoL  Survey^  1889,  vol.  i,  p.  104).  Mr.  Monckton 
remarked  that,  whether  or  no  this  explanation  applied  elsewhere, 
it  was  not  applicable  here,  for  the  subterranean  decomposition  of 
the  eroded  and  bored  surface  of  the  Chalk  had  not  been  sufficient 
to  produce  the  result.  He  looked  upon  the  green  coated  flints 
as  the  relics  from  the  Chalk  which  had  been  destroyed  before  the 
deposition  of  the  Eocene  Beds. 

These  green-coated  flints  are,  he  thought,  the  local  representa- 
tive of  the  strata  elsewhere  laid  down  during  the  vast  interval 
which  elapsed  between  the  deposition  of  the  Chalk  and  the 
formation  of  the  bottom-bed  of  the  Reading  Series.  Both  the  top 
of  the  Cretaceous  and  the  bottom  of  the  Eocene  are  absent  here. 
There  is  no  certain  representative  of  the  Danian  in  England, 
nor  anything  corresponding  to  the  Montian  of  Belgium.  The 
Thanet  Sand,  a  marine  formation  of  some  importance  on  the  east 
of  London,  thins  out  towards  the  west,  and  comes  to  an  end 
somewhere  between  Richmond  and  Winkfield,  probably  about 
thirty-two  kilometres  to  the  east  of  Reading. 

Resting  upon  the  Chalk  we  find  a  dark-coloured  clay  inter- 
stratified  with  green  sand,  and  from  two  to  three  metres  thick, 
^t  usually  contains  one,  sometimes  two,  layers  of  oyster  shells 
belonging  for  the  most  part  to  Ostrea  bellovacina  and  O.  ^ypho- 
^icina.     The  oysters  clearly  lived  on  the  spot,  since  their  valves 
are  often    united  and    doled.     Sharks'  teeth  occur,  and  a  few 
/Marine  shells  have  been  found.      The  "  green-coated  flints  "  are 
'n  the  lowest  layer  of  this  bed.       (See  Proc.  Geol.  Assoc,  vol.  xv, 
f^-  305,  and  Blake  and  Monckton's  "  Geology  of  Reading,"  Mem. 
Geol,  Survey,  1903,  p.  27.) 

Above  the  Oyster-bed  we  find  six  or  more  metres  of  sand 
'^^'ith  irregular  patches  and  layers  of  clay.  There  are  no  marine 
'■^mains  and  we  seem  to  have  entered  upon  a  freshwater 
^^ries. 

Leaves  and  other  plant  remains  abound  in  some  of  the  lower 
*^yers  of  clay. 

A  note  on  these  leaves,  by  Mr.  E.  T.  Newton,  will  be  found 
^^n  page  40  of  the  "Memoir  on  the  Geology  of  Reading,"  by 
-^lessrs.  Blake  and  Monckton.  Figures  of  Araiia(?)  (cf,  A. 
'^^^oziand).  Anemia  subcretacea,  and  Laurus  (?)  are  given. 

This  leaf- bed  has  also  been  dealt  with  by  Mr.  Starkie 
^^ardner,  and  a  fine  specimen  of  Taxodium  eiiropceum  is  figured 
V::^y  him  in  the  "  Monograph  of  the  British  Eocene  Flora " 
^  Palaeontographical  Society,  vol.  i,  pp.  9,  56,  73 ;  vol.  ii,  pp.  i, 
,^,  4,  92,  and  Plate  xxiv). 

Mr.  Monckton  said  that  he  had  seen  the  leaf- bed  exposed  at 
Several  places  in  and  near  the  Waterloo  Kiln  workings,  and 
^lie  annexed  drawing  (Fig.  24)  is  made  from  a  photograph  which 
^e  took  in  1902. 
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The  section  was  in  a  small  pit  connected  with  the  Waterloo 
workings  and  near  the  River  Kennet.  The  height  shown  is 
about  two  metres;  the  upper  part  is  sandy,  but  layers  of 
clay  occur  and  become  more  and  more  numerous  downwards, 
showing  current- bedding  in  places.  It  is  in  these  layers  of  clay 
that  the  leaves  are  found.  Below  the  leaf  bed  a  current-bedded 
sand  was  seen  to  a  depth  of  over  a  metre,  but  it  is  not  shown 
in  the  drawing. 

On  the  present  occasion  the  leaf-bed  was  exposed  at  the 
south-west  corner  of  the  workings  in  the  Waterloo  Pit,  and 
Messrs.  Collier  and  Son,  Limited,  had  kindly  caused  the  face  of 
the  section  to  be  cleared  for  the  benefit  of  the  party. 

The  leaves  were  not  very  easy  to  find — in  fact,  a  vertical  face 


Fig.  24.— Section  in  the  Reading  Beds  at  the  Waterloo  Kiln, 
Reading,  1902  — H.  W,  Monckton. 

is  not  suitable  for  their  collection — but  sufficient  were  obtained 
to  show  the  nature  of  the  deposit. 

The  leaf-bed  was  seen  to  be  overlain  by  a  thick  bed,  or  series 
of  beds,  of  clay  of  various  colours — the  *'  Mottled  Clay  '*  of  this 
part  of  England.  It  is  about  13  metres  thick  at  this  locality,  and 
forms  the  upper  half  of  the  section,  the  top  not  being  shown  in 
the  pit.  An  analysis  of  a  specimen  of  the  clay  obtained  in 
this  pit,  will  be  found  on  page  36  of  the  "  Memoir  on  the 
Geology  of  Reading." 

No  fossils  have  been  discovered  in  the  Mottled  Clay,  and  it  is 
probably  of  freshwater  origin. 

The  Estuarine  Woolwich  Series,  of  the  London  District, 
vanishes  as  we  go  westwards,  and  the  most  westerly  place 
at  which  Mr.  Monckton  had  seen  it  was  Guildford,  37  kilometres 
south-cast  of  Reading. 

The  bed  resting  upon  the  Mottled  Clay  at  Reading  is  of 
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niariiie  origin,  and  was  termed  by  Prestwich  "The  Basement 
Bed  of  the  London  Clay."  (Quart.  Journ,  GeoL  Soc,  1854, 
vol.  iri,  p.  252.) 

The  members  of  the  party  were  able  to  examine  this  bed  in 
tHe  old  workings  of  the  Katesgrove  Pit,  a  little  to  the  north  of 
^*^^  "^Vaterloo  Pit.  Owing  to  the  fact  that  the  pit  is  disused,  the 
s^^ction  was  not  in  a  good  state  for  collecting,  but  the  layers 
^>^  shells  were  clearly  seen.  Ditrupa  plana,  Cytherea  tenuistriatay 
•^^^^'^unatlus  {Axtnaa)  brevirostris,  are  very  abundant  here.  A 
^^^11  list  of  the  fossils  obtained  from  this  bed  will  be  found  in  the 
**  ^^emoir  on  the  Geology  of  Reading,"  p.  50. 

The  Basement  Bed  is  about  three  metres  thick,  and  passes 
V*I^'^^3rds  into  the  more  purely  argillaceous  beds,  of  which  the 
^rnj>cnant  London  Clay  formation  mainly  consists.  Mr.  Monck- 
^'^  remarked  that  some  years  ago  the  junction  was  very  well 
^no\r/i  in  a  section  in  this  brickfield  at  right  angles  to  the  existing 
?^^^>  and  a  little  north  of  the  spot  where  the  party  inspected  the 
^^^-6ed.  The  following  is  from  his  note  book  of  September,  1881  . 


25— Section  in  the  Katesgkove  Brickfield,  Reading.—-//.  U'. 
AfoncJtion. 


1.   1-oNDON  Clay 


Dark  brown  and  yellow  clay  passing  down 


**'     I  into  — 


r      i.  Brown  sandy  clay  with  a  layer  of  shells. 
5     ii.  I^yer  of  nodules. 
(    iii.  '^      * 


2.  Basement  Bed  of  the 

London  Clay.  i   •••    c  -j  1     •     .  j    1 

i    iu.  bandy  grey  laminated  claj'. 

3.  Reading  Beds Mottled  red  and  yellow  clays. 

X.  B.  —The  shell-bed  was  1.67  metres  above  the  mottled  clay  of  the  Read- 
ing Beds. 

There  are  generally  a  few  flint  pebbles  in  the  Basement  Bed 
^^^^e  London  Clay. 

.  ^'■om  Katesgrove  the  party  returned  to  Reading  and  partook 
th   ^'^^^^on  at  the  Hotel  Mcllroy,  in  Cheapside;  after  which 
^y  travelled  by  tramcar  to  Caversham  Bridge,  and  crossed  the 
^A   '^^"^^s  into  Oxfordshire. 

^   ^versham  the  party  was  joined  by  some  members  who 
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had  come  from  London  by  a  mid-day  train.  The  large  chalk-pit 
close  to  St.  Peter's  Church,  Caversham,  was  first  visited.  The 
section  shows  some  21  metres  of  rather  soft  while  chalk,  contain- 
ing numerous  courses  of  nodular  flint  and  a  few  layers  of  the 
tabular  variety. 

Mr.  Monckton  made  some  obser\ations  on  the  Chalk  of  the 
district,  and  mentioned  that  a  well  at  Winkfield^  about  20  kilo- 
metres to  the  east  of  Reading,  had  passed  through  the  whole 
Chalk  formation. 

The  thickness  was  found  to  be  : 

Upper  Chalk         102.7  metres. 

Middle  Chalk        51.5         „ 

Lower  Chalk         66.7        „ 

220.9 

Mr.  Osborne  White  then  briefly  reviewed  the  lithological  and 
zonal  features  of  the  section  under  notice.  He  reminded  the 
members  that  Prof.  Barrois,  whom  some  of  them  had  been  fortunate 
enough  to  meet  in  London  earlier  that  week,  had  described  this 
chalk  in  his  well-known  "  Recherches  sur  le  Terrain  Cr^tace 
superieur  de  I'Angleterre  et  de  I'lrlande"  (1876,  pp.  148,  149). 

Prof.  Barrois  referred  the  Caversham  Chalk,  or  ^^craiede 
Reading^^'  lo  his  "  zone  a  Alarsi^piUSy^  but  at  the  time  he  wrote 
many  of  the  data  required  for  the  establishment  of  a  satisfactory 
zonal  classification  of  the  beds  of  the  English  Chalk  were  want- 
ing, and  it  had  remained  for  Dr.  Rowe,  nearly  a  quarter  of  a 
century  later,  to  demonstrate  the  nature  and  vertical  range  of  the 
small  special  fauna  associated  with  the  Crinoid  Alarsupites 
tesiudinarius  in  the  southern  part  of  this  country.  This  fauna 
was  absent  from  the  Caversham  Chalk,  which  clearly  belonged  to 
the  upper  (but  not  to  the  highest)  part  of  the  zone  of  MicrasUr 
cor-anguinum  of  recent  English  authorities,  and  was  probably 
referable  to  the  zone  of  Morionictras  texanum  of  M.  de  Gross- 
ouvre's  scheme. 

Mr.  T.  H.  Withers  then  exhibited  a  selection  of  the  fossils 
lately  obtained  by  Mr.  C.  P.  Chatwin  and  himself  at  this  place. 

The  forms  shown  included  Conuius  albogalerus^  Epiaster 
gibbus^  and  Micraster  cor-anguinum.  Time  did  not  permit  of  a 
close  examination  of  the  section,  and  among  the  few  fossils 
collected  by  the  members,  and  shown  to  Mr.  White,  there  were 
none  of  particular  interest. 

Leaving  the  chalk-pit,  the  party  walked  up  St.  Peter's  Avenue 
to  the  top  of  the  gravel-capped  plateau  on  which  Toot*s  Farm 
stands.  This  farm  is  marked  on  the  Geological  Map  and  its 
name  has  become  well  known  on  account  of  the  large  number  of 
Palaeolithic  implements  found  there.  The  level  of  the  plateau  at 
the  farm  is  71  metres  above  the  sea,  and  34  metres  above 
the   River  Thames   at    Reading.      The   ground   around   Toot's 
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Farm  is  being  rapidly  built  over,  and  the  pit  from  which  so  many 
implements  were  obtained  no  longer  exists,  but  two  other  pits  on 
the  plateau  were  visited,  from  both  of  which  implements  have 
been  obtained. 

The  first  of  these  pits  is  situated  a  little  to  the  east  of  Gravel 
Hill  Cottages.  The  section  showed  about  three  metres  of 
gravely  tolerably  well  stratified.  A  seam  of  small  ch<ilk-pebbles 
was  noticed  low  down  in  the  gravel.  Mr.  Monckton  drew 
attention  to  the  abundance  of  pebbles  of  variously-coloured 
quartzite  which,  he  said,  had  in  all  probability  been  derived  from 
the  Triassic  pebble  beds  of  the  Birmingham  District.  That 
district  is  now  in  the  drainage  area  of  the  River  Severn,  but  he 
thought  that  the  Severn  had  captured  much  of  the  Thames 
drainage  area  since  the  time  of  the  deposition  of  the  gravels  of 
the  Caversham  Plateau. 

A  block  of  igneous  rock  was  seen  in  the  pit,  and  it  seemed  to 
be  very  similar  to  the  boulder  which  he  had  found  in  the  gravel 
at  the  Hockett,  near  Bisham.* 

Some  flakes  and  small  implements  were  found  by  members  of 
the  party  in  this  pit. 

The   second    gravel-pit  visited  is  in   Kidmore  Road,   some 

distance  to  the  north  of  Toot's  Farm,  and  rather  more  than  a 

kilometre  distant  from  the  River  Thames.     A  section  of  gravel 

^ut  four  metres  deep  was  exposed,  and  signs  of  the  uneven 

Chalk  floor  upon  which  the  gravel  rests  could  be  seen. 

,     Mr.  Shrubsole  said  that,  judging  from  casual  openings,  flint 

'^piemen ts  were  pretty  generally  scattered  in  the  gravel,  and 

^^ccurred  in  fair  abundance  to  a  distance  of  about  a  kilometre 

^<i  a  half  from  the  River  Thames,  and  up  to  the  level  of  the 

Pf'esent  gravel-pit,  about  seventy -six  metres  above  the  sea.     At 

'^'gbier  levels  implements  were  rare.     It  was,  he  said,  interesting 

^^    rjote  that  in  certain  of  the  gravels  near  Reading  at  lower 

.^^^Is,  say  from   forty-two  to  forty-four  metres  above  the  sea, 

J^^Plements  were  not  found.     As  to  the  implements  themselves, 

^     remarked   that   the   later  specimens   not   infrequently  show 

^^^ter  rudeness  of  execution  than  the  earlier  ones. 

iTakes  and  worked  flints  were  found  by  members  of  the 
•^^y,  and  Mr.  Shrubsole  distributed  amongst  them  some 
Q^^imens  of  implements  which  he  had  obtained  at  the  locality 

Pi'evious  occasions. 
jjj  -^rom  the  Kidmore  Road  pit  the  party  returned  to  Reading 
j^Ugh  Caversham.  Mr.  Osborne  White  drew  attention  to  a 
jjj^^l  cutting  which  showed  from  two  to  three  metres  of 
^1  ^''bedded  gravel  and  brick-earth,  lying  on  the  steep  side  of  the 
•p/^^y  at  a  height  of  some  eighteen  metres  above  the  River 
p^^*^es.     A  worked  flint  was  found  in  si  til  here  by  one  of  the 

*  Quait.Journ,  Geol,  Soc,  1893,  vol.  xHx.  p.  314. 
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Tea  was  obtained  at  the  Hotel  Mcllroy,  alter  which  I 
Gustave  F.  Dollfus,  of  the  Geological  Suney  of  France,  speaki 
in  the  name  of  the  foreign  geologists  present,  offered  his  l> 
thanks  for  the  cordial  reception  given  them  by  the  Geologia 
Association.  He  was  glad  to  have  made  the  perso 
acquaintance  of  the  strata  and  quarries  of  the  neighbourhood- 
Reading.  These  terrains  were  very  similar  to  those  exposed, 
the  environs  of  Paris.  He  addressed  a  very  warm  invitation 
the  members  of  the  Geologists'  Association  to  come  to  Paris  s 
make  a  similar  excursion.  In  the  course  of  a  week  he  would 
able  to  show  to  the  members  a  very  fine  succession  of  all 
strata  of  the  Paris  basin,  with  varied  rocks  and  full  of  fos; 
He  offered  his  best  thanks  to  the  Directors  of  the  Excursi 
Messrs.  Monckton,  Shrubsole,  and  Osborne  White,  who  were 
well  acquainted  with  the  geology  of  the  district,  and  had  taken 
much  trouble  to  make  the  Excursion  a  success. 

The  President  (Mr.  R.  S.  Herries),  in  reply,  said  that  it  h 
given  the  members  of  the  Association  the  greatest  pleasure 
welcome  on  that  occasion  so  many  of  the  distinguished  forei 
geologists  who  had  come  to  England  to  join  in  celebrating  t 
centenary  of  the  Geological  Society.  This  excursion  was  quite 
a  cosmopolitan  character,  seeing  that  they  had  with  the 
representatives  of  France,  Germany,  Holland,  Belgium,  Denma. 
and  Norway.  He  was  glad  to  hear  that  they  were  pleased  wi 
what  they  had  seen,  and  he  particularly  wished  to  thai 
M.  Dollfus,  in  the  name  of  the  Association,  for  the  kii 
invitation  he  had  given  them  to  visit  the  Paris  Basin,  which  3 
would  not  fail  to  communicate  to  the  Excursion  Committe 
He  cordially  seconded  the  vote  of  thanks  to  the  Directors,  i 
behalf  of  whom  Mr.  Monckton  briefly  replied. 
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INTRODUCTION. 

ONG  before   the   scattered   facts  and  generalisations  of  a 
^    nascent  science  had  assumed  concrete  form  and  crystal- 
yj?^  into  the  rational  science  of  modern  geology,  the  Isle  of 
,.W  was  famous  among  amateurs  of  the  curious  for  its  strangely 
v^rbed  rocks  and  for  the  beauty  and  abundance  of  its  fossils, 
has  ever  been  the  paradise  of  the  mere  collector,  and  in  later 
^ys  has  become  a  Mecca  to  which  most  English  geologists,  and 
^  a  few  of  their  continental  brethren,  have  been  impelled  to 
T^6  at  least  one  pilgrimage ;  and  few  there  are  who  once  having 
wed  its  scenes  of  beauty  and  scientific  interest  can  deny  thera- 
pies the  satisfaction  of  a  second  visit.    Nor  is  the  reason  for  this 
^nation  far  to  seek,  for  compressed  within  this  little  island, 
^^uring  but  twenty-two  and  a-half  miles  in  one  direction  and 
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thirteen  in  the  other,  is  much  that  is  best  in  English  Cretaceous 
and  Tertiary  geology.  The  luxuriant  underclifif,  the  mighty  cliff 
of  the  Culver  with  its  uptilted  strata,  the  noble  vault  of  the  Grand 
Arch,  the  rugged  promontory  of  the  Needles,  and  the  many-tinted 
sands  of  Alum  Bay,  all  long  since  immortalised  in  pen  and  pencil 
by  Englefield  and  Webster,  are  enough  to  make  the  scenic  reputa- 
tion of  a  mainland,  much  more  that  of  a  tiny  island  such  as  this. 

The  Isle  of  Wight  exhibits  two  ranges  of  hills — the  Chalk 
Ridge,  extending  from  the  Needles  to  the  Culver,  and  the 
Southern  Mass,  capped  by  outliers  of  the  lower  beds  of  the 
Chalk.  We  may  at  once  say  that  we  have  no  concern  with  the 
latter,  and  have  not  examined  them  to  see  if  there  be  any 
remnant  of  the  basal  beds  of  the  White  Chalk.  The  one  thing 
which  catches  the  eye  in  search  of  "  features  "  is  the  characteristic 
angular  scarp  of  the  Greensand  in  the  Southern  Mass,  forming  as 
it  does  so  graphic  a  contrast  to  the  rounded  contours  of  the 
Chalk  Downs.  The  Chalk  which  we  shall  examine  is,  therefore, 
limited  to  the  Chalk  Ridge,  the  cliff  sections  of  Alum  Bay, 
Scratchell's  Bay,  Watcombe  Bay,  Freshwater  Bay,  and  Compton 
Bay  on  the  west,  together  with  those  of  Whitecliff  Bay,  Culver 
Cliff,  and  Sandown  Bay  on  the  east. 

The  point  which  is  material  when  working  in  the  field  is  that, 
as  we  approach  the  southern  edge  of  the  Chalk  Ridge,  the 
horizontal  strata  give  place  to  those  which  are  gently  inclined, 
and  that  the  farther  we  pass  to  the  north  the  greater  is  the 
inclination  of  the  beds,  till  when  we  reach  the  highest  beds  of  the 
White  Chalk,  at  the  junction  with  the  Eocene,  the  strata  are 
almost  vertical.  And  so  we  find  that  throughout  the  Chalk  Ridge 
the  angle  of  inclination  is  always  least  on  the  southern  side  and 
greatest  on  the  northern  side,  thus  accounting  for  the  fact  that 
the  higher  beds  of  the  Chalk,  usually  so  soft  and  easily  worked, 
are  if  p>ossible  harder  and  more  disturbed  than  the  basal  beds, 
which  are  normally  hard  and  intractable.  As  a  broad  generalisa- 
tion these  statements  will  be  found  to  apply  universally  through- 
out the  Island,  but  those  who  examine  the  whole  of  the  White 
Chalk  here  will  find  that  the  stress  of  upheaval,  and  consequent 
compression,  has  operated  unevenly  at  certain  points,  thus 
affording  local  areas  which  are  relatively  soft.  The  most 
notable  example  of  this  is  seen  at  Alum  Bay,  at  the  junction  of 
the  Chalk  with  the  Eocene,  where  the  mucrona /a-chaXk  is  so  soft 
that  it  can  be  worked  with  a  knife. 

The  flints,  as  on  the  Dorset  coast,  are  often  shattered,  but 
they  are  never  so  comminuted  as  in  the  latter  district,  where  they 
are  often  reduced  to  powder,  and  drawn  out  in  a  long  line  like 
a  streak  of  coal  dust.  And  just  as  the  hardness  of  the  Chalk 
varies  within  the  limits  of  the  same  zone,  so  does  the  shattering 
of  the  flints  vary,  for  there  are  not  a  few  sections  where  the^ 
flints  are  quite  free  from  fracture. 


( 


WMlTk.  CSJOJS.    Off   TTFT  3Jfn:.J=ff-  rTAtTI  ^[rj 

A  ^aiice  al  thfc  inap  .Tact  1.  ^ril  cuw  tnr  lia?  rjaak 
Hidge  broadens  out  in  'itt  visxoxt  xr  tuni  itch;  wf:  ascmjac  2 
the  Central  Mass,  and  ths:  -Kssm  nr  tns  Tsa^xtt  siztrssaisn  n 
the  cxjofigmatian  of  the  I#Dwr  b  tea:  trtsri  Us*  inw2"  Je:i£  jr  ±i»f 
A^Tiite  ChaDc  are  bodi  SDmswtszc  irsir  hiil  mdnetL  a  owrfr  na^ts 
than  in  the  f^«rt^f*m  and  wfiSEsm  imiL^  tniif  Tainn^  ti:^  ^tnas.  u 
spread  out  isLD-wiat^  insiyar.  ir  it^mt  mnrorsseiL  vntiin  tie  taamw 
limits  of  the  mort  verncai  arsE,  ii  tin  iss^Oizn  uztL  wimsn  imos 
of  the  Oudk  Ridgt  iht  mtstsiirimtinr.  azn>i=  ti*i  3  ^nrn  •  irfei  ic 
more  tKaT>  one-third  of  t  miit..  mar  ir  _:ituii  I  ^iwn  i^sni;  T^smcssL 
to  ooe-fourdi,  irhertai^  nit  Csntni.  Jibts  £  rrrs-  tm**  mits  ji 
width. 

Stand  on  ant  of  Tiit  narrows'  1x1*1=  ir  Hi*  Hisik  l.tii^e,  as  a: 
^laloombe  Down,  nariL  y^  Inuiti,  aiiL  giry.*  latr  aiii  msc. 
Ranging  on  either  sidt  art  nn  Tiimt*  initintis  ji'  liti  Znwrm^ 
stretcfaii^  as  far  t&  tnt  £wt  lai.  %ft  as  'niliir^.  uiliTnr-  TTaffij*^ 
such  as  me  Chalk  aiofiit  sai.  imiau'j-u  Tiif  Hiu/r-.  fnrnif*'  lur^ — 
the  finest  surface  to  "walk  :it  n  Z/iigsniL — h  araiijfr  litsr  iniv 
adornment,  save  for  dwarkif  rri-s  u"'  liiiri  aiiL  fninidiL  mtt  iie 
stretches  af  garae  apDiir  ▼on.  msr  jnrnuniii*  ^iir»  Htn*  ant 
there^  in  the  hdDn^'E  d^  -nit  jrwir  ianiL:  w'  -rT»f  r^mn*?.  in* 
patches  of  fares:  trset.  ihir  tuth.^  irrnm  :r  v.f-ti  uni  ianc. 
idling  of  a  thicker  sal  out  1:   ainri'^iniHi  ttijh   uu-rrt. 

Turn  to  the  SDun.  anf  i:i:»c    Ciiainit: -v:nr^-    i^tr  iie   lamus: 

of  Brook.     Some  Irnit  dKam::*  irwi.*'  rnm  tie  'i:$:r   :f  ^irt  I':iv^ 

ve  see  a  ridge  throwr  ig  jl  tut  iitnoi — ^iirr  -rztmiUf.i  i'u^t  zisaz  if 

tiic  0*^"^^   but  a-ngmm-^.     Tim  tlltsu  tut  ZAttn-znHij  :f  zitt  '^-zntsr 

GrDeosaixL     Beyond  thif  wt  lirrt  i  i^tnn"  iniiiuiicnu  am  umirfic 

tnseless  smiaoe,  maot  15.  o^tiit  iamfi  r.sxTis  :r  ttii  l-:«v'tr  Ikrafar 

Suid  and  the  safTer  diEt't  zr  tiit  "♦^  ta-iiitn.      T»i:t  ".ii-'j  :r  i  ramri 

day  in  spffingtimt,  -mhsn  tht  :ripr  irt^tr    'juiU^  irt   zfuir.inii  u: 

thioogh  the  rich.   br:nrr>-rsc   j:ani    :r'  tiit    '^tttrrizm,    i:ti1   "wt 

Obcaiin  a  cokrar-sciitant  'wYii:±  n  zrx   :ni'j  i   ut'/iitiir.  \\  I'.tt  tyt^ 

k^at    eloquent   c»f  a   to^msiiiif    S.ir:vrt    izii    r:»:c    •i:si:anirr. 

^p^aldng  of  the  Chat-titjQi.  rrisrt  if  lot  ri^t  :rr  -piji^i  vt  -dJt 

Cio  o«r  «aT  from  Shnrvdl  t:  3ni:*-iKi:»ut  I  c^vr.  rjizrjLiZii  zartZisL 

'^ixii  t3>c  Down  for  cmt-icnrtii  tc  2.  rri^it  m   inn.u::i:  lu  tiit  rt#uf- 

^"idge  of  a  hocsfc.     Trd?  if  it»t  tttr-n  ii-Tifsritt  r'tar.ijrt  uri-vti  tp 

\>v  a  faaid  bed  wijci.  wt  brre  i,t*r  -wn-.-r.  t:tt  C'i?.  V  i-^ti  zi  tbt 

^slaxai.     In  the  hraaotr  Tacts  cr  iiit  C:a-i  ?-ifirt.   :c  it*t  i*::^3±>- 

^an  side  of  ibe  Dc/wn*  -mzttrt  irit  t*t:f:i  irt  luirt  rj-j^.iiirtil,  tit 

t^arder  beds  (/  die  GreessLTid  fyr=.  tutriritjrij  inj:r_  irt  rearJT 

^ilwajs  crowTiod  bv  dttrLrisrstic  cijtzt7«j  -jf  :::itiitr?. 

Turn  now  zo  the  D(3riL  iriC  wr  s-st  2  :::c:t''itrje  rrcctrzut.     Tlie 

line  made  bj  the  Cna7c  arid  Exerjt   -ztictjir.   ::5  rijcirt  azid 

^brapL  by  re^KXs  of  the  mkorr^ars-Uirdy  t^-'-r  tr^Lcr-rilj  Ttrtkal 

^o  thai  rigii:t  awaj  frwii  the  :Vj:   cc  tt*t  r>:^vT.  tbe  nch  ciayw 

Vams  of  the  Tcrdaries  isretch  toward*  tb-e  5£rrfrr  streai  of  the 
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Solent — a  fair  prospect  of  noble  forest  trees  and  goodly  culti- 
vation. 

One  more  view  will  suffice.  Stand  on  the  chalk  cliff  over- 
looking Alum  Bay  on  a  sunny  day  and  watch  the  great  cliff  of 
Ballard  Head  flashing  back  in  brilliant  whiteness.  It  does  not 
need  much  imagination  to  bridge  that  narrow  arm  of  sea  and  join 
the  Island  Chalk  to  that  of  Dorset. 

This  paper  is,  like  the  others  of  this  series,  so  entirely 
zoological  in  its  scope  that  no  place  is  found  therein  for  a  study  oi 
the  interesting  tectonics  of  the  Island.  Indeed,  these  have  been 
handled  in  so  lucid  a  manner  by  Mr.  Strahan  in  the  Memoir  of 
the  Geological  Survey,  entitled  "The  Geology  of  the  Isle  ci 
Wight"  (2nd  Edition,  1889),  that  there  is  no  need  to  traverse  old 
ground.  We  recommend  all  those  who  are  working  at  the  Chalk 
in  the  Island  to  read  the  section  devoted  to  the  angular  flint 
gravels  in  Chapter  xiii,  the  description  of  disturbances  and  faults 
in  Chapter  xiv,  and  the  summary  of  the  physical  geography  in 
Chapter  xvi. 

We  have  felt  that,  in  the  case  of  the  Isle  of  Wight,  to  have 
kept  strictly  to  the  title  of  our  work  and  confined  our  observations 
to  the  coast  would  have  been  a  mistake.  The  consideration  of 
the  Chalk  Ridge  with  its  108  quarries  and  sections  has  of  necessity 
occupied  much  space,  but  it  was  work  which  had  to  be  done  by 
someone,  and  its  inclusion  makes  the  survey  of  the  White  Chalk 
of  the  Island  to  some  extent  complete.  The  examination  of  the 
whole  area  occupied  nine  weeks,  but  the  essential  parts  of  it  can 
be  studied  in  comfort  in  as  many  days  ;  indeed,  the  chief  sections 
can  be  traversed  in  six  days,  if  too  much  time  be  not  spent  in 
collecting.  For  the  sake  of  those  whose  time  is  limited  we  give 
the  accompanying  scheme : 

1.  Compton  Bay  and  Pit  No.  13,  Shalcombe  Down. 

2.  Freshwater  Bay,  including  Pits  Nos.  I  and  2,  Watcombe  Bay,  and  Alum 

Bay. 

3.  Scratchell's  Bay  (access  by  boat  only). 

4.  The  east  side  of  Culver  Cliff,  and  Pit  No.  37  Brading  Down,  No.  27 

Mersley  Down,  and  Nos.  20  and  21  Arreton  Down. 

5.  The  west  side  of  Culver  Cliff. 

6.  Pits  Nos.  104,  49,  and  51  Mount  Joy,  and  No.  77  Brighstone  Down. 

Though  the  lists  of  fossils  which  we  have  obtained  from  the 
several  zones  are  fairly  good,  it  is  only  right  to  say  that  they  are 
notably  weak  in  forms  adnate  to  echinids  and  the  larger  testacea. 
The  intensely  hard  and  adherent  nature  of  the  matrix  renders  any 
search  for  these  forms  almost  hopeless.  The  few  which  we  found 
owe  their  detection  to  weathering  alone. 

Another  point  worthy  of  comment  is  that  in  many  of  th^ 
quarries,  especially  those  on  the  south  side  of  the  Downs,  th^ 
fossils  need  to  be  soaked  in  fresh  water  to  remove  the  chlorides  o€ 
sodium  and  magnesium  almost  as  much  as  those  on  the  coast. 
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We  found  that,  after  a  lapse  of  some  months,  the  fossils  from  such 
sections  as  Arreton  Down  and  Brading  Down  were  almost 
destroyed  by  efflorescence  of  these  salts,  some  of  them,  indeed, 
having  broken  down  into  a  heap  of  fine  powder.  The  explana- 
tion is  that  the  drift  of  spray  from  southerly  gales  is  so  strong 
that  the  chalk  is  completely  impregnated  with  salt. 

The  literature  dealing  with  the  Chalk  of  the  Isle  of  Wight  is 
of  considerable  volume,  but  we  find  it  necessary  to  quote  from 
four  iworks  alone,  covering  the  period  from  1865  to  1904,  and  of 
"lese  one— that  by  Mr.  Whitaker — is  frankly  pre-zonal.  Those 
^Q  are  interested  in  coast-erosion  will  find  much  to  interest  and 
admire  in  Sir  Henry  Englefield's  sumptuous  quarto  (18 16)  entitled, 
^  ^inscription  of  the  principal  picturesque  beauties,  antiquities, 
*™  geological  phenomena  of  the  Isle  of  Wight,  with  additional 
~^»"vations  on  the  strata  of  the  island,  and  their  continuation  in 
^h«  adjacent  parts  of  Dorsetshire,  by  Thomas  Webster."  A 
conapa^rison  of  the  splendid  drawings  of  the  chief  coast  sections  in 
^  inland  gives  one  a  retrospect  of  nearly  100  years. 

TF\e  works  of  reference  necessary  to  consult  are  as  follows : 

'^5.       Whitaker,  William.— "On  the  Chalk  of  the    Isle  of  Wight," 

jgy  Quart,  Journ.  Geol.  Soc.^  vol.  xxi,  p.  400. 

'5-        Barrois,  Charles. — "Description  G^ologique  de  la  Craie  de  I'lsle 

dc  Wight."     Ann.  Set,  Ge'oi.,  ser.  4,  t.  vi,  livr.  2,  p.  30,  Lille,  and 

Bidl.  EcoU  Hautis  Etudes^  xiii,  1875  (a  reprint  of  which  we  will 

jgo  quote). 

^-       Bristow.  Henry    W.— "The    Geology    of    the    Isle    of    Wight." 
Second   edition,   revised   and   enlarged,   by   Clement    Reid  and 


'^3, 


Aubrey  Strahan.     Mem.  Geol,  Survey. 


Jukes-Browne,  A.  J.— "The  CreUceous  Rocks  of  Britain,"  vol.  ii ; 
l^  "The  Lower  and  Middle  Chalk  of  England,"  Mem.  Geol.  Survey, 

^*       Jukes-Browne,  A.  J. — "The  Cretaceous  Rocks  of  Briuin,"  vol.  iii ; 
"  The  Upper  Chalk  of  England,"  Mem.  Geol,  Survey. 

Qf    -^r.  Whitaker's  contribution,  though  confessedly  non-zonal,  is 
Qt    ^^uch  interest   in   that   he   therein  describes  the  "  spurious 


n^r 


Rock"  which   forms  so  important  a  lithological  feature 


.^the  top  of  the  zone  of  Terebtatulina  gracilis, 
p,.  "^l^he  publication  of  Dr.  Barrois'  work  immediately  produced  a 
f^i|  *^iind  sensation,  for  at  one  blow  it  swept  away  the  ancient  and 
flj/^^ious  r^ime  of  a  "  Chalk  with  flints  "  and  a  "  Chalk  without 
sj  ^^  " — a  scheme  whose  only  claim  to  acceptance  was  its  apparent 
ij^^I^licity,  but  one  which  could  not  stand  the  test  of  extended 
fi^^^^tigation.  This  treatise  was  the  forerunner  of  that  magni- 
(j^*^^  classic,  the  **  Recherches  sur  le  Terrain  Cr^tac^  Sup^rieur 
^»  .  l*Angleterre  et  de  Tlrlande,"  published  a  year  later— a  work 
jj^^  ^^Vi  not  only  revolutionised  English  Chalk  Geology,  but  had 
j-^  Equally  far-reaching  effect  on  the  study  of  other  formations. 
i^  •  Barrois'  conception  was  philosophical,  it  was  simple,  and 
1^1^^  true.  Since  that  date  other  writers  have  sub-divided  the 
S^cr  beds  into  three  zones,  a  division  which  we  have  reason  to 
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the  spot,  but  at  neap-tides  the  time  allowed  is  quite  inadequate. 
It  is  only  at  very  low  spring-tides  that  access  can  be  obtained  to 
this  bay  from  Freshwater  Bay,  and  the  usual  course  is  to  take  the 
Military  Road,  hewn  in  the  south  side  of  Afton  Down,  to  the 
cliff  path  west  of  Compton  Chine,  which  is  indicated  on  the  key- 
plate  to  PL  VIII. 

The  walk  along  the  Military  Road  is  by  no  means  devoid  of 
geological  interest,  as,  starting  from  Freshwater  Gate,  we  traverse 
a  section  in  the  White  Chalk  from  the  zone  of  Micraster  cor- 
anguinum  to  that  of  Rhynchonella  cuvieri^  and  it  will  be  noted 
that  the  telegraph  posts  are  numbered,  thereby  giving  a  useful 
guide  to  local  features.  Further  mention  of  this  section  will  be 
found  on  p.  234.  The  walk  along  the  shore  under  Freshwater 
Cliff  is  not  one  which  we  should  take  for  pleasure,  for  the  fore- 
shore is  a  rugged  tumble  of  large  blocks  of  fallen  chalk  strongly 
reminiscent  of  the  doubtful  joys  of  Speeton.  Much  of  the  labour 
of  climbing  over  this  rough  shore  may  be  obviated  in  calm 
weather  by  taking  a  boat  from  Freshwater  Bay  and  landing  at  low 
tide  on  the  outer  margin  of  the  reefs,  or  at  high  tide  on  one  of 
the  rocks  which  fringe  the  coast.  It  can  only  be  done,  however, 
when  there  is  a  really  smooth  sea,  and  should  not  be  attempted 
when  there  is  the  least  swell. 

Arriving  at  the  shore  we  pass  over  the  Gault,  Upper  Green- 
sand,  Glauconitic  Marl,  Chalk  Marl,  and  the  zones  of  Holaster 
siihglobosus  and  Actinocawax  pUnus,  The  Belemnite  Marls  are 
well  displayed  in  the  cliff,  and  at  times  on  the  foreshore,  and 
we  had  the  good  fortune  to  find  an  example  of  the  name-fossil 
/>  sitft.  The  Belemnite  must  be  very  rare,  since  it  is  not  re- 
corded in  the  "  Geology  of  the  Isle  of  Wight  "  (Mem.  GeoL  Sur- 
rey), nor  in  Vol.  II  of  the  Cretaceous  Memoir.  We  found  it 
also  at  Culver  Cliff  and  in  Man-o*-War  Cove,  South  Dorset. 


Zone  of  Rhynchonella  cuvieri. 

The  Chalk  of  this  zone  is  splendidly  exposed,  and  a  large 
amount  of  it  is  in  good  order  for  collecting  purposes — a  great 
contrast  to  the  poor  surfaces  met  with  on  the  Dorset  coast. 
Though  there  is  a  belt  of  hard  chalk,  gritty  in  places  with  frag- 
ments of  Inoceramus  mytiloides^  there  is  no  true  exposure  of  the 
Melbourn  Rock.  The  marly  seams  in  the  lower  part  of  the  zone 
are  rather  a  conspicuous  feature,  and  it  is  this  part  of  the  bed 
which  we  probably  see  in  the  seaward  faces  of  New  Ditch  Point 
and  Oldpepper  Rock  in  our  course  by  boat  to  ScratchelFs  Bay. 
Indeed,  we  landed  on  the  former  rock  and  proved  it  to  be  so. 
The  area  where  Inoceramus  fragments  are  most  developed  is 
about  the  middle  of  the  zone.  The  list  of  fossils  is  naturally 
larger  than  in  Dorset,  but  the  fauna  fairly  corresponds  with  the 
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normal  in   this  zone,  and  we  shall  deal  with  it  in  t) 
summary. 

There  is  no  feature  on  the  shore  to  mark  the  point 
this  bed  comes  to  the  shore-line,  but  its  situation  here  con 
with  that  of  the  iron  fence  which  comes  down  to  the  cliff 
a  line  with  telegraph  post  No.  19  on  the  Military  Roa 
junction  between  this  zone  and  that  of  Terebrattdina  gra 
purely  zoological  one,  and  there  is  again  no  feature  on  t 
or  on  the  cliff  top  to  mark  its  position.  At  the  time  of 
the  section  of  this  bed  was  interrupted  by  falls  from  th 
zones,  so  that  it  was  impossible  to  give  a  bed-to-bed  meas 
in  detail.  The  zone  is  a  flintless  one,  and  measures  84  ft. 
should  be  noted  that  the  chalk  of  this  zone  weather 
characteristic  manner,  hard  nodular  beds  alternating  witt 
smoother  nature.  The  junction  with  the  zone  of  Acft 
plenus  is  plainly  shown,  both  in  the  cliff  and  on  the  fores 

Zone  of  Terebratulina  gracilis. 

Here  again  there  is  an  extensive  and,  in  the  ma 
weathered  surface  for  the  collector,  with  a  fauna  decided 
than  in  the  same  chalk  in  South  Dorset.  The  chalk 
flintless,  veined  with  marl,  and  there  are  the  usual  marl-1 
addition  which  weather-out  in  places  as  open  ma 
Besides  this  there  are  two  curious  lines  of  nodules  sit 
marl-seams.  They  are  grey  or  fawn-coloured  on  the  surf 
very  white  inside,  contrasting  strongly  when  broken  with  t 
tint  of  the  surrounding  matrix.  At  the  first  glance  we 
that  we  had  met  with  a  course  of  white  flints,  for  the  out 
irregular  and  resembling  those  of  a  flint,  but  a  blow 
hammer  showed  that  they  were  no  harder  than  the  cha 
actual  nature  of  these  siliceous  nodules  is  described  by  I 
Prior  on  p.  289.  We  found  them  in  the  same  positio 
Military  Road,  Afton  Down,  in  pit  No.  13  at  Shalcomb 
No.  77  at  Brighstone  Down,  and  in  pit  No.  51,  near  Cai 
Castle.  Mr.  Strahan  mentions  these  nodules  on  p.  77  o 
of  Wight  Memoir  in  the  following  words  :  "  but  below  tl 
flint  there  occur  nodules  of  hard  siliceous  chalk,  having 
of  flint,  but  the  texture  of  chalk."  In  our  experience 
unique. 

We  endeavoured  to  get  a  bed-to-bed  measurement,  b 
the  whole  of  the  lower  part  of  the  zone  was  obscured  by 
of  falls  in  1904.  We,  however,  give  measurements  of 
obscured  upper  portion,  so  that  the  position  of  the  noc 
and  of  the  Chalk  Rock  of  the  Geological  Survey  may  \ 
indicated. 

In  1903  the  second  volume  of  the  Geological  Survey 
on  the  Cretaceous  Rocks  of  Britain  was  published,  an 
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.  408-410  the  author  fully  confirms  our  view  *  thai  this  bed  has  no 
ciaim  to  be  called  the  Chalk  Rock,  and  that  it  is  sitoaied  in  the 
20ne  of  Terebratulina  gracilis.  Now  that  emphasis  has  been 
hid  OD  this  point  we  have  no  hesitation  in  using  in  the  present 
paper  the  term  "  spurious  Chalk  Rock "  when  we  refer  to  this 
ll^ish-yellow  nodular  band,  so  that  readers  of  the  Dorset  paper 
DJay  know  to  which  bed  we  refer  when  we  mennon  the  wxurrenoe 
of  this  striking  and   useful  lithological   feature   in   the   Isic  of 

We  append  the  measurements  of  the  upper  portion  of  this 
^ne  which  alone  was  capable  of  being  measured  in  1904 : 

"  Black  marl-band  **  to  •*  grey  marl-baod  "         .        .  7      % 

Top  of  "  spurious  Chalk  Rock  "  to  "  black  marl-basd  '  521 

Marl-band  to  top  of  *'  spurious  Chalk  Rock  '*    .        .  70 

Marl-band  to  marl-band 3       ^ 

Marl-band  to  marl-band ^3 

Upper  siliceous  nodule  bed  to  marl-band    ...  J      3 
Lower  siliceous  nodule  bed  to  upper  siiiceous  D>iule- 

bed 19 

Marl-band  to  lower  siliceous  nodule-bed     ...  3      6 

Red  sponge  bed  to  marl-band 2       > 

Red  sponge  bed  to  red  sponge  bed     ....20 

Tocal    xz      7 

The  total  measurement  of  the  Terebratulina  grarilis-zont  is 
^  ft,  9  in.,  so  that  it  is  only  the  lower  19  ft.  for  which  we  cannot 
pve  details.  On  p.  413  of  \'oL  ii  of  the  Cretaceous  Memoir, 
"^  author  gives  measurements  made  by  Mr.  William  Hill  in 
^^97  for  the  combined  zones  of  Rhynchonella  cuvieri  and  Tere- 
^^Uilina  gracilis.  It  will  be  seen  that  while  we  give  a  greater 
™ckness  to  the  zone  of  Rhynchonella  cuvieri zxi^  2l  .smaller  one  to 
^t  of  Terebratulina  gracilis,  our  total  measurements  are 
Pfaciically  identical  with  his. 

Mr.  Hill's  Measurements. 

Ft-  In. 

T.  gracilis        .         .        85  7 

R.  cuvieri         .  .        64  O 

Total     149       7  149       4 

On  referring  to  our  detailed  measurement  of  this  zone  it  will 
^  noticed  that  we  speak  of  the  "  black  marl-band  "  and  the 
iJ^  marl-band."  We  gladly  avail  ourselves  of  the  terms  used 
in  K  J^^^s-Browne,  as  the  two  marl-bands  are  important  guides 
^^^^  field.  Those,  however,  who  examine  the  sections  in 
^P^on  Bay,  will  look  in  vain  for  a  black  marl-band,  for, 
jjj  .^^'y  by  reason  of  bleaching  by  the  salt  water,  it  is  only 
is  ft?  ^^  sections  that  the  dark  colour  is  to  be  seen,  and  it 
^^^Uy  bleached  on  the  Militar>'  Road,   Afton  Down.     We 

»9oi,  D^^«e  Chalk  of  Uie  English  Coast.    Part  II.  Dorset,"  Proc.  Geol,  Assoc.,  xril  (1), 
^-  46, 47. 
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noticed  it  in  pit  No.  13  at  Shalcombe,  in  pit  No.  19  at  Arreton 
Down,  in  pit  No.  37  at  Brading  Down,  at  pit  No.  77  at  Brighstone 
Down,  and  at  pit  No.  51,  near  Carisbrooke  Castle 

It  will  be  seen,  therefore,  that  we  coincide  with  Mr.  Jukes- 
Browne  and  Mr.  William  Hill  in  fixing  the  junction  of  the  zones 
of  Terebraiulina  gracilis  and  Holaster  planus  at  the  second  or 
"  grey  marl-band  "  above  the  "  spurious  Chalk  Rock."  Collecting 
carefully  between  the  "  spurious  Chalk  Rock  "  and  the  second  or 
**  grey  marl-band  "  above  it,  we  find  no  evidence  of  a  fauna  belong- 
ing to  the  Holasler  planuS'Zon^  for  though  Holaster  planus  is  as 
common  as  in  its  own  zone,  and  Micraster  cor-bovis  by  no  means 
rare,  we  find  no  trace  of  Echinocorys  scutatus^  Micraster  leskei 
and  Micraster  prcecursor. 

Zone  of  Holaster  planus. 

We  now  enter  the  area  of  the  flinty  chalk.  To  reach  a 
junction  of  this  zone  with  that  of  Terebraiulina  gracilis  we  have 
to  go  almost  to  the  extreme  western  end  of  the  bay  t)efore  the 
beds  become  accessible.  At  the  top  of  the  cliff  is  a  little  monu- 
ment, erected  to  mark  the  spot  where  a  child  met  her  death  by 
falling  over  the  cliff.  At  a  point  on  the  shore  immediately  below 
this  monument  the  "  spurious  Chalk  Rock  "  falls  to  the  shore-line, 
and  there  is  no  difficulty  in  gaining  access  to  the  junction  of  the 
zones  of  Terebraiulina  gracilis  and  Holaster  planus  by  climbing. 
Being  more  or  less  out  of  reach  of  the  waves,  the  chalk  at  the 
junction  affords  a  good  surface  for  collecting. 

Directly  we  pass  the  second  or  "  grey  marl-band  "  we  come 
upon  a  bed  of  Bicavea  rotaformis^  Gregory,  the  beautiful  little 
rotiform  bryozoon  which  we  found  in  much  the  same  position  at 
Mupe  Bay*,  where  it  was  2  ft.  thick  and  occurred  3  ft.  above  the 
first  or  lowest  flint  course.      Here  the  bed  is  6  ft.  thick  and 
occupies  nearly  the  whole  space  between  the  "  grey  (or  junction) 
marl-band"  and  the  one  above   it.     Between  these  two  marl- 
bands  the  first  course  of  flint  occurs,  so  that  the  **  Bicavea-hed  " 
lies   pardy   in   flinty  and   partly  in  flintless   chalk.       Professor 
Gregory's  second  volume  of  the  **  Catalogue  of  the  Cretaceous    - 
Bryozoa    in    the    British    Museum "    has    been    in    manuscript  - 
for   some   time,   and   we  knew  that  it  contained  a  description  m 
of   this    locally   important    guide-fossil.      So   that   the   title    o3 
this   bryozoon   might  bo  available  for  quotation  in   this  paper,^- 
Professor  Gregory  has  courteously  consented  to  publish  a  brie^- 
diagnosis  and  indication  of  distribution.     The   description    wilf-i 
be  found  in  the  Geological  Magazine  (Dec.  v,  vol.   iv.  No.  Xi.m. 
Oct.    1907,  p.   442).      Throughout   this   paper  we  shall  allude- 
to  the  limited  stratum,  wherein  it  is  contained,  as  the  "  Bicavea 
bed." 

•  op.  cit.,  Dorset,  Proc,  Geol.  Aisoc,  xvii  (i),  1901,  p.  23. 
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We  found  no  Micraster  other  than  Micrasttr  cor-bovis 
between  the  junction  marl-band  and  the  first  flint  course,  but 
Mr.  Westlake  obtained  one  example  of  Echinocorys  scutatus  there, 
so  that  the  zoological  and  lithological  junctions  fairly  well 
coincide.  We  collected  Micraster  kskei  and  Micraster  prcecursor 
in  the  first  few  feet  of  flinty  chalk. 

The  fauna  of  this  zone  is  identical  with  that  of  South  Dorset, 
and  will  be  discussed  in  the  Zoological  Summary.  There  is  no 
Chalk  Rock  in  the  lithological  sense  in  this  zone  in  the  Island, 
nor  did  we  find  any  cephalopods  or  gasteropods,  save  one 
fragment  of  an  Aporrhais, 

The  chalk  is  of  a  greyish  tint,  though  not  so    grey  as  in 

Dorset,  nor  is  the  contrast  between  the  colour  of  these  beds  and 

^^ose    of    Micraster    cor-testudinarium  so    marked   as  in   that 

county.     The  flints  range  from  black  to  grey,  with  thick  white  or 

S^^y  cortices,  and  they  are  solid  and  but  little  crushed. 

,         Air.  Westlake  obtained  a  measurement  in  detail  of  these  beds 

J?^  Wading  to  the  recess  on  the  eastern  side  of  the  little  headland 

^^'^^ding  the  bays  of  Compton  and  Freshwater.      The  upper  beds 

?r^  displayed  in  this  recess  in  the  same  manner  as  in  Freshwater 

.    ^V,  and  the  measurement  works  out  as  follows.     We  take  the 

^'^cition    of    the  zones  of  Holaster  planus  and  Micraster  cor- 

\^^^^^inarium  at  two  marl-bands,    i  ft.   8  in.  apart.     These  are 

i_^*^     seen  in  the  tip  of  the  eastern  horn  of  Freshwater  Bay,  and 

^^^^^r  still  in  Watcombe  Bay.     They  pass  through  the  apex  of 

-^^  ^    cave  at  the  western   point   of  Freshwater   Bay,  and   their 

fc^^^i^on   is  indicated  on  the  key-plates    accompanying   Plates 

Ft.   In. 


"^' 


X,  and  XI). 


^arl-band  to  marl-band i     8 

Strong  flint  tabular  to  marl-band 15 

Plint  tabular  to  strong  flint  tabular i     g 

Thin  flint  tabular  to  flint  tabular 40 

Flint  course  to  thin  flint  tabular 10     6 

Marl-band  to  flint  course 10    o 

Marl-band  to  marl-band 80 

Marl-band  to  marl-band 120 

Marl-band  (the  "  grey  marl ")  to  marl-band      .        .         .  10    6 

Total     59    9 

.^^         Before  leaving  Compton  Bay  it  will  be  well  to  look  back  from 
^^^    western  end  of  the  bay  so  as  to  note  the  raking  down  of  the 


^.^  .  Aous  beds  to  the  shore-line.  This  is  done  to  best  effect  after 
^^^  *^  and  with  the  sun  on  the  cliff,  for  then  the  dark  band  of  the 
^^Z^^inocamcLX  plenus  marls  and  the  grey  tint  of  the  Holaster  planus- 
^^^^e  contrast  strongly  with  the  whiter  beds  of  Rhynchonella 
^l^^Wm  and  Terebratulina  gracilis^  and  the  slightly  reddened  tint 
1^  those  of  Micraster  cor-testudinarium.  The  position  of  these 
^^^s  is  indicated  on  the  key-plate  accompanying  (PI.  VIII). 

It  would  be  impossible  to  obtain  a  list  from  the  Holaster 
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p/aniis-zone,  save  for  the  fortunate  accident  of  many  fallen  blocks 
from  this  bed  in  the  middle  of  the  chalk  portion  of  this  bay. 
There  are  also  fallen  masses  from  the  zone  of  Aficrasfer  car- 
tesiudinariuniy  but  an  examination  of  the  contained  Micrasters 
at  once  enables  one  to  decide  with  which  zone  one  is  dealing. 
It  will  be  gathered  from  what  has  already  been  written  that  it  is 
impossible  to  work  the  zone  of  Micraster  cor-testudinarium 
in  situ. 

Freshwater  Bay — East  Side. 

This  bay  gives  us  a  range  on  the  eastern  side  from  the  zone 
of  Ho/aster  planus  to  that  of  Actinocafnax  quadratus^  and  on  the 
western  side  from  the  zone  of  Holaster planus  to  that  of  Micraster 
cor-anguinum.  It  is  a  very  unpromising  section  for  the  collector, 
as  the  two  horns  of  the  bay  are  obscured  by  seaweed,  and  the 
remainder  of  the  chalk  is  much  discoloured  by  rain-wash  from 
the  soil  cap.  The  zone  of  Holaster  planus  and  Micraster 
cor-testudinarium  are  quite  unworkable,  as  they  are  clad  in  sea- 
weed ;  and  but  for  the  fact  that  we  get  a  clear  junction  between 
these  beds  in  Watcombe  Bay,  some  300  yards  to  the  westward, 
it  would  have  been  quite  impossible  to  have  fixed  the  junction 
between  these  zones.  By  dint  of  much  search  we  found  one 
example  of  Micraster  cor-testudinarium  on  the  eastern  side  of  the 
bay  and  two  on  the  western.  Only  the  upper  portion  of  the 
Holaster  planuS'i.ov\^  is  here  exposed,  so  no  measurement  is 
given.  The  thickness  of  the  Micraster  cor-testudinarium-zone  is 
estimated  to  be  52  ft.  9  ins.  in  Freshwater  Bay. 

Owing  to  the  Watcombe  Bay  section  we  are  also  able  to  fix 
the  junctions  of  the  zones  of  Micraster  cor-testudinarium  and 
Aficraster  cor-anguinum.  The  junction  between  these  zones  is  a 
purely  zoological  one,  fixed  by  the  zonal  variations  in  Micraster 
and  Echinocorys,  but  it  fairly  well  coincides  with  a  marl-band 
which  cuts  the  southern  side  of  a  cave  6\  ft.  above  the  two 
tabular  flint-bands  i  ft.  apart.  Below  the  lower  of  these  two 
tabular  flint-bands  is  a  belt  of  flintless  chalk  measuring  i  ft.  3  ins. 
in  thickness,  which  readily  catches  the  eye  as  a  prominent 
feature  in  the  cliff.  The  positions  of  this  junction  and  that  of 
the  two  marl-bands,  i  ft.  8  ins.  apart,  which  mark  the  contact  of 
the  zones  of  Holaster  planus  and  Aficraster  cor-testudinarium^  are 
clearly  indicated  on  the  key-plates  to  Pis.  IX,  X,  and  XI. 

Zone   of  Micraster  cor.anguinum. 

At  the  eastern  side  of  the  bay,  and  in  ScratchelFs  Bay,  we 
have  the  only  complete  sections  of  the  Micraster  cor-anguinum- 
zone  at  the  western  end  of  the  Island.     We  have  indicated  the 
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position  of  the  lithological  junction  for  the  base  of  the  zone,  and 

it  only  remains  to  show  its  upper  limits.     The  measurement 

obtained  for  its  thickness  in  this  bay  is  278  ft.  3  ins.,  and  it  will 

t>e  noticed  that  it  is  less  by  31  ft.  9  ins.  than  that  recorded  for 

the  same  zone  in  Scratchell's  Bay.     The  upper  limit  of  the  zone 

IS  purely  zoological,  and  is  fixed  by  the  occurrence  of  the  first 

plate  of  Uintacrinus,     The  chalk  is  so  indifferently  displayed  in 

Freshwater  Bay  that,  were  it  not  for  the  chance  of  collecting  on 

t'^e  pathway  leading  to  Watcombe  Bay,  and  the  small  cliff-top 

exposures  on  East  and  West  High  Down,  we  should  have  but  a 

^^T  insignificant  list  to  record.     The  fauna  differs  in  no  essential 

^^ree  from  that  in  Dorset,  or  indeed  from  the  normal  in  the 

South  of  England,  and  with  the  exception  that  Micraster  and 

^^hinccorys    preserve   their    usual    zonal    variations,   and    that 

^^hinoconus  is  present,  there  is  little  to  add.     We  have  here  the 

^ual  rather  rq^ular  courses  of  flints,  together  with  occasional 

^bular  bands  of  flint  and  marl-bands,  and  the  flints  are  slightly 

P^'ik  towards  the  surface  and  have  thin  cortices.     They  are  more 

^vernous  than  in  the  Marsupites-zone,  and  there  is  a  definite 

P*"oportion  of  globular  flints  among  them. 

Zone  of  Marsupites  testudinarius. 
(i)   Uintacrin us-band. 

,.  This  is,  as  we  have  said,  but  a  poor  section,  for,  owing  to  the 
S^'^y  nature  of  the  chalk,  Uintacrinus  is  by  no  means  an  easy 

^ssil  to  find.  Indeed,  we  have  never  had  to  search  for  it  so 
^/■^fully,  save  in  the  wave-battered  section  under  Seaford  Head. 

'^e  UintacrinuS'h^ndy  so  far  as  we  can  trace  it,  measures  but 
.^^  ^t,  in  this  bay.  We  have  reason  to  believe  that  this  thickness 
^  slightly  less  than  it  should  be  ;  still,  we  give  the  measurement 

^ctly  as  it  has  worked  out.  The  limits  of  this  band  are  purely 
^^^logical,  and  the  difficulty  lies  not  so  much  with  the  upper 
^^^dary,  which  is  probably  correct,  as  with  the  lower,  where  the 

^Wc  is  much  obscured  by  rain- wash. 

(ii)    The   Marsupites-band. 

jy^  'X'he  Afarsupites-hdJ\d  is  displayed  in  an  equally  unsatisfactory 
t^^r^Tier,  and  the  poorness  of  the  surface  possibly  leads  one  to 
H^  ^^^ve  that  the  plates  of  this  crinoid  are  less  abundant  than 
pi^  ^^1.  We  fix  the  lower  limit  of  this  band  at  the  first  Marsupites 
:  j^^^^,  which  was  found  close  to  the  last  Uintacrinus  pkite,  so  that 
f*l^  junction  of  the  two  sub-zones  is  probably  quite  correct. 
^^  junction  is  entirely  zoological,  as  there  is  no  lithological 
Vi.re  which  coincides  with  it.     As  is  our  wont,  we  fix  the  upper 
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limit  at  the  last  Marsupites  plate.  There  is  a  considerable  gap 
between  this  plate  and  the  last  plate  but  one,  and  this  probably 
accounts  for  the  fact  that  our  measurement  for  the  MarsufUu- 
band  is  so  greatly  in  excess  of  that  obtained  in  Scratchell's  Bay. 
We  are  inclined  to  look  upon  this  last  plate  as  a  sporadic 
occurrence,  and  to  attach  more  belief  to  the  measurement  in 
Scratcheirs  Bay,  which  is  43  ft.  less  than  that  at  Freshwater. 
Marsupites  may  occur  sporadically  both  above  and  below  its 
arbitrary  limits,  and  as  an  example  of  the  latter  we  quote  the 
record  of  a  nearly  complete  test  of  the  smooth  variety  30  ft.  down 
in  the  Uintacrinus-h^nd,  at  Margate. 

The  fauna  of  this  zone,  though  scanty,  is  eminently  character- 
istic. No  belemnites  or  ammonites  were  found,  and  therein  this 
zone  coincides  with  the  record  in  Dorset.  The  pyramidal  shape- 
variation  of  Echinocorys  scutatus  was  rather  common,  while 
Echinaconus  vulgaris  and  Terebratulina  rawei  were  fairly  repre- 
sented. 

The  chalk  is  white  and  the  flint  courses  numerous,  the  flints 
being  compact  and  having  thick  white  cortices.  There  appears  to 
be  the  same  barren  area  here,  as  in  Dorset,  between  the  essential 
fauna  of  this  zone  and  that  of  Actinocamax  quadraius — an  area 
where  Marsupites  dies  out  and  where  Cardiaster  pi  Hula  does  not 
come  in,  but  where  the  transitions  in  the  shape-variations  of 
Echinocorys  scutatus  continue  to  evolve.  Mr.  C.  Griffith  and 
Mr.  R.  M.  Brydone  were  the  first  to  discover  Marsupite  plates 
here  and  at  Scratchell's  Bay,  while  it  has  fallen  to  our  lot  to  be 
the  first  to  recc^rd  Uintacrinus  in  all  the  sections  in  this  zone  in 
the  Island. 

Zone  of  Actinocamax  quadratus. 

We  have  the  good  fortune  to  be  able  to  establish  at  the  head 
of  this  bay  a  short  and  hitherto  unrecorded  section  of  this  zone. 
It  is  dirty,  and  the  chalk  is  no  longer  compact,  but  broken  up 
into  lumps.  The  flint  courses  are  fairly  numerous  and  the  flints 
are  solid,  with  a  pink  tinge  and  thin  cortices.  That  there  is  no 
doubt  concerning  the  identity  of  this  chalk  may  be  inferred  from 
the  fact  that  we  collected  several  examples  of  Echinocorys 
scutatus  of  the  shape-variation  characteristic  of  the  lower  part  of 
this  zone,  as  well  as  an  example  of  Cardiaster  pillula.  The  name- 
fossil  was  not  found. 

Freshwater  Bay — West  Side. 

If  the  beds  on  the  eastern  side  of  this  bay  are  unattractive, 
then  those  on  the  western  side  must  be  considered  as  absolutely 
repellent.     It  is  only  possible  to  work  the  Micraster  cor-anguinum — 
zone,  and  as  we  get  no  junction  with  the  Ui/itacrinus-bsLnd,  th^ 
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section  is  incomplete,  and  for  that  reason  we  have  not  measured 

it.    The  junction  of  the  zones  of  Micraster  cor-anguinum  and 

Micraster  cor-testudinarium  are  fixed  at  the  same  marl-band,  6^  ft. 

above  a  tabular  band  of  flint.     On  the  opposite  side  of  the  bay 

there  were  two  flint  tabular  bands  i  foot  apart,  but  here  one  is 

lost-^an  excellent   instance  of  the  unreliability  of  lithological 

features  even  within  a  limited  area.     The  junction  of  zones  of 

Micraster  cor-iestudinarium  and  Holasier  planus  is  seen  in  the 

apex  of  the  cave  at  the  western  horn  of  the  bay,  and  both  these 

junctions  are  accurately  indicated  on   the  key-plate  which  ac- 

^mpanies   PI.   X.      It  will   be  noticed  that  the  base  of  the 

seaward  surface  of  the  Arched  Rock  is  faced  by  the  zone  of 

Holaster  planus^  while  the  whole  of  the  Stag  Rock  is  cut  in  the 

^t^e  of  Micraster  cor-iestudinariunu     This  is  indicated  on  PL  A. 


Watcombe  Bay. 

,  Here  we  have  a  small,  but  beautifully  weathered  section  em- 
^^cing  the  whole  thickness  of  the  zone  of  Micraster  cor-testu- 
^^firium  and  part  of  the  beds  belonging  to  those  of  Micraster 
^^^-anguinum  and  Holaster  planus. 


Zone  of  Micraster  cor-anguinum. 

There  is  a  practicable  pathway  leading  to  the  beach,  cut 

?^ely  in  the  zone  of  Micraster  cor-anguinum^  and  yielding  the 

?^t  list  of  fossils  obtainable  in  this  zone  in  the  whole  island. 

^Jdeed,  we  have  here  the  only  chance  of  obtaining  a  knowledge 

^^  the   basal  fauna  of  this  zone,  for  this  horizon  is  dirty  and 

^^^rown  with  seaweed  at  Freshwater  Bay  and  Culver  Cliff,  and 

Ponded  by  the  shingle  at  Scratchell's  Bay.     It  will  be  seen  that 

^^ologically,  as  in  Sussex,  the  lowest  beds  are  rugged  and  iron- 

?^ned,  thereby  resembling  in  appearance  the  zone  immediately 

r^^9^.     In  striking  contrast  to  the  rather  barren  nature  of  this 

^'^n  at  St.  Margaret's  Bay,  near  Dover,  we  find  a  rich  fauna 

^^ing  right  down  to  the  junction  and  blending  imperceptibly 

^^h  that  of  the  zone  of  Micraster  cortestudinarium.     In  point 

f^ct,  but  for  the  presence  of  Micraster  and  Echinocorys,  we 

tK  ^^^  not  have  separated  the  base  of  one  zone  from  the  top  of 

^    other.       Micraster,   however,   though   not  abundant,   gave 

c^Ple  evidence  of  the  zone,   for  though   the  ambulacra  were 

^J^^^ivided,'*  as  in  the  zone  of  Micraster  cor-testudinarium,  the 

^^plastronal  area  was  decidedly  mammillated.     Further,  the  few 

^^^[iples    of   Echinocorys   which    we    obtained    presented    an 

^^^Oubted  affinity  to  the  shape-variations  characteristic  of  the 

^^^9-aster  cor-anguinum-zone.       We   did   not   find  Echinoconus 

*^^c.  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  17 
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vulgarism  this  section,  but  it  was  rather  common  in  the  exposures 
on  the  cliff  edge  along  High  Down. 

The  lithological  junction  is  fixed  for  convenience  at  the  same 
marl-band  which  we  have  alluded  to  on  the  eastern  and  western 
sides  of  Freshwater  Bay,  as  having  a  tabular  flint  band  6^  ft.  below  it 
with  a  belt  of  flintless  chalk  i  ft.  3  in.  thick  beneath.  As  in  the 
western  side  of  Freshwater  Bay,  one  of  the  pair  of  flint  tabulan 
is  missing.  The  junction  marl-band  is  found  in  the  lowest  shelf 
of  the  pathway  leading  to  the  beach,  and  can  be  traced  into  the 
fissure  on  the  east  side  of  the  pathway.  The  actual  zoological 
junction  occurs  3^  ft.  above  the  marl-band,  but  we  prefer  to 
adopt  the  latter  as  it  is  easily  followed  as  a  guide,  and  is 
sufficiently  exact  for  all  practical  purposes. 


Zone  of  Micraster  cor-testudinarium. 

We  append  the  detailed  measurements  of  this  zone  which  are 
taken  from  the  upper  of  the  paired  marl-bands,  i  ft.  8  in.  apart, 
already  utilised  on  both  sides  of  Freshwater  Bay. 

Ft.  In.  ' 

Thin  flint  tabular  to  marl-band     .....  6     6 

Thick  flint  tabular  to  thin  flint  tabular         ...  ID 

Thick  flint  tabular 02 

Flintless  band  of  chalk 13 

Marl-band  to  base  of  flintless  band  of  chalk  .         .  I     4 

Marl-band  to  marl-band 60 

PMint  course  to  marl-band 80 

Bedding  plane  to  flint  course 36 

Bedding  plane  to  bedding  plane 84 

Marl-band  to  bedding  plane 3     O 

Flint  course  to  marl-band 3  10 

Upper  of  paired  marl-bands  to  flint  course    ...  86 


Total  50 


^ 


The  general  appearance  of  the  chalk  of  this  zone  fairly  well 
conforms  to   that  of  others  at  the  same  horizon,  but  it  agrees 
with  the  same  bed  in  Dorset  in  that  it  is  rather  less  rugged  an<X 
nodular  than  usual.      In  Dorset  this  chalk  was  notably  red  froiv^ 
diffused  iron  staining,  forming  thus  a  strong  contrast  to  the  gr^.^ 
beds  of  the  Holaster  pianus-zon^.      Naturally,  the  distinction    ^^^ 
not  so  marked  here.      The  flints  are  black  and  solid,  and  hax^e 
thin  white  cortices.      There  are  many  beds  of  marl  in  this  zor^  e. 

The  fauna  is  rich  and  thoroughly  representative.  Micras,j^er 
is  sufficiently  abundant  to  be  an  unfailing  guide,  and,  as  in 
Dorset,  the  broad  form  known  as  Micraster  cor-testudinariuw^^  is 
notably  in  excess  of  the  narrower  group-form  known  as  Micra^-fer 
precursor,  .  The  gibbous  form  of  Echinocorys  saitatus  is  fa^^rly 
common,  and  the  br>'ozoa  are  alike  numerous  and  characteri^»tic 


/ 
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Zone  of  Holaster  planus. 

By  climbing  on  to  the  top  of  the  big  fallen  masses  which 
here  form  the  point  on  the  eastern  side  of  this  bay  we  can  get  a 
thoroughly  representative  list  of  fossils  from  this  zone.  Micrasier 
is  sufficiently  common  to  give  us  all  the  data  that  we  require  to 
fix  the  dividing  line  between  this  zone  and  the  one  above  it. 
Just  above  the  paired  marl-bands  we  found  two  examples  of 
Micraster  pracursor  with  "  gently  inflated  "  ambulacral  areas,  and 
below  the  junction-line  forms  with  typical  "  sutured  "  ambulacra 
were  obtained.  The  section  is  so  small  that  we  do  not  describe 
it  in  greater  detail,  but  it  is  quite  sufficient  to  afford  an  accurate 
junction-line  between  this  zone  and  the  one  immediately  above  it. 

The  Coast  from  Freshwater  Bay  to  Scratchell's  Bay. 

From  Watcombe  Bay  to  ScratchelPs  Bay  there  are  no  inlets, 
^ut  there  are  numerous  falls  all  along  the  section,  and  in  one  or 
two  places  a  small  beach  is  seen,  notably  at  a  spot  called  Roe's 
^3^1,  to  the  east  of  Oldpepper  Rock.  On  a  smooth  day,  when 
there  is  no  swell,  the  boatmen  will  land  one  at  any  of  these 
Points,  and  excellent  collecting  may  be  obtained  from  the  zone 
^'  Terebratulina  gracilis  to  that  of  Micraster  cor-anguinum. 

The  journey  by  boat  to  ScratchelFs  Bay  is  most  instructive 

?J^d  quite  essential  to  a  knowledge  of  the  structure  of  the  cliffs. 

rwo  conditions  dominate  the  range  of  beds  exposed.     The  first 

*k  ^^^  altitude  of  the  cliff,  and  the  second  is  the  degree  in  which 

^'^G  cliffs  recede  to  the  north  or  advance  to  the  south.     The  two 

^^t  projecting  points  (shown  on    the    key-plate  to  PI.  X)  are 

-New  Ditch  Point  and  Oldpepper  Rock,  and  here,  as  we  should 

IJf  Rurally  expect,  we  get  the  greatest  zonal  range,  extending  from 

/^  lower  part  of  the  zone  of  Rhynchonella  cuvieri  to  the  higher 

^^s  of  the  zone  of  Micraster  cor-angidnum.     On  the  other  hand, 

,'^^i'ever  the  cliffs  recede  to  the  north,  or  are  of  small  altitude, 

^  ^onal  range  at  once  decreases.    Instances  which  readily  occur 

wK   ^^'^  ^^  ^^^  Cave,  where  the  cliff  is  low,  and  at  the  Kitchen, 

•  ^^I'e  the   cliffs,    though   high,   are   almost   vertical.      In  both 

^  ^t^nces   the   only   zones   exposed  are  those  of  Micraster  cor- 

^f^^dinarium   and   Micraster  cor-anguinum.      The   same   thing 

Zp^^rs  at  Preston's  Bower.     A  view  of  the  coast  from  the  sea 

^kes  it  abundantly  clear  why  we  should  find  nothing  but  the 

^*  ^^  of  Micraster  cor-anguinum  at  the  top  of  the  cliff.     We  know 

^>  ^  55one  to  be  some  300  ft.  thick,  so  that  the  whole  thickness  of 

►p^  beds  is  traversed  as  we  pass  from  end  to  end  of  the  section. 

J.  *^^  highest  point  of  the  cliff  is  at  Tennyson's  Beacon,  where  it 

^^^hes   483   ft.     Here,    if  anywhere,    we  should  seek  for  the 

j^^^supites-zon^y   and   later   on    we   shall   show  that  we   found 

^^tacrinus  at  this  point. 
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Scratchell's  Bay. 

We  now  reach  this  fine  bay  with  the  Needles  and  Grand 
Arch.  It  may  be  mentioned  that  one  can  get  there  only  by  boat, 
and  that  owing  to  the  strong  currents  at  the  Needles  it  is  much 
easier  to  approach  it  from  Freshwater  than  from  Alum  Bay. 
There  are  two  natural  falls  in  this  bay,  and  one  talus  of  chalk 
tipped  from  above.  The  tip  was  made  when  the  fort  was  being 
excavated,  and  together  with  the  fall  in  the  centre  of  the  bay  is 
in  the  zone  of  Actinocamax  giiadratus,  while  the  old  fall  by  the 
Needles  is  wholly  in  the  zone  of  Bekmniiella  mucronaia.  This 
fall  was  caused  by  the  concussion  from  the  heavy  guns  of  the 
Needles  fort. 

As   we  round  Sun  Corner  in   the  boat  the  eye  is  at  once 
arrested  by  the  wonderful  sweep  of  the  beds  in  the  Grand  Arch, 
and  the  crowded  flint  lines  above  the  grass  slope  on  the  project- 
ing point  of  the  bay.     Obviously,  the  chalk  below  the  grass  slope 
is  in  the  zone  of  Micraster  cor-testudinarium,  and  we  now  seek  a 
junction  with  the  zone  above  it.     Fifteen  feet  above  the  grass 
slope  is  a  single  strong  tabular  flint-band  with  a  narrow  belt  of 
flintless  chalk   below  it;  but  no  marl-band  can  be  seen  6|  ft. 
above  the  tabular  band.     We  can  find  no  better  junction  than 
this  in  an  accessible  surface,  and  we  can  only  once  more  point 
out  what  feeble  reeds  to  lean  on  are  these  long  trusted  lithological 
features.     The  zone  of  Micraster  cor-iestudinarium  seems  to  be 
about  50  ft.  thick,  and  is  inaccessible  in  its  entire  extent.     Mr. 
Strahan  (op,  cit,  p.  75)  says  that  "  the  brow  of  the  cliff  known  a& 
the  Main  Bench,  which  is  vertical  and  descends  sheer  into  th^ 
water,    was  determined   by  the   Ordnance  Survey  to  be  416  ft. 
above  the  datum-level,  while  the  Grand  Arch,  which  forms  the 
east  side  of  ScratchelFs  Bay,  and  overhangs  considerably,  is  300  ft. 
in  height." 

Attractive  as  these  cliffs  are  from  the  sea  they  afford  but  poor 
sport  for  the  collector.  Indeed,  but  for  the  fall  in  mucronata- 
chalk,  few  fossils  would  ever  leave  this  bay,  for  the  surface  is 
planed  off  smooth  by  the  action  of  wave  and  shingle,  and  unless 
one  can  climb  up  some  feet,  the  chance  of  finding  fossils  is 
remote  indeed. 

Zone  of  Micraster  cor-anguinum. 

We  take  the  strong  tabular  flint  line  some  1 5  ft.  above  the  ^ 
grass  slope  as  the  approximate  base-line  for  this  zone,  and  obttBB 
the  measurements  of  the  lowest  beds  by  using  a  boat  TM 
upper  limit  is  fixed  by  the  occurrence  of  the  first  KintehM 
plate,  and  may  be  taken  to  be  reasonably  accurate,  as  Uiere  itM 
difficulty  in  finding  the  plates  of  the  crinoid  in  this  sediflfc 
The   measurement   obtained  for  this  zone  is   310  fL,  but  ii 
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detailed  section  is  given.  The  measurement  was  plotted  out  in 
sections  according  to  the  dip,  and  each  section  worked  out 
separately.  To  look  for  any  fossil  save  Micraster  cor-anguinum, 
Echinocorys  scutatus,  Echinoconus  conicus,  and  Porosphara  in  a 
shingle-battered  section  like  this  is  sheer  waste  of  time.  These 
we  obtained,  and  found  them  to  be  fully  characteristic  of  the  zone. 

Zone   of  Marsupites  testudinarius. 

(i)  Uintacrinus-band. 

Happily,  here  the  cliff  is  set  back  a  little,  and  for  that  reason 
is  not  so  pounded  by  the  shingle.  The  chalk  is  hard  and  white, 
a.nd  flint  courses  are  common,  the  flints  themselves  being  solid 
3.nd  black,  with  thin  white  cortices.  We  have  long  since 
^.bandoned  the  hope  of  finding  any  reliable  zonal  guide  in  the 
fiints  of  this  district.  The  same  horizon  at  Freshwater  Bay 
yielded  flints  with  a  thick  pinkish  cortex,  and  we  could  multiply 
the  evidence  ad  nauseam  throughout  the  zones  in  the  Island. 

We  fix  the  junction  with  the  zone  of  Micraster  cor-anguinum 
at  the  position  of  the  first  Uintacrinus  plate,  and  the  upper  limit 
of  the  sub-zone  by  the  presence  of  the  first  Marsupites  plate. 
>Ve  believe  that  both  these  junctions  are  substantially  accurate, 
snd  that  the  thickness  given  here,  34  ft.  6  in.,  is  a  much  more 
Teliable  guide  than  that  at  Freshwater  Bay.  There  are  no 
salient  lithological  features  to  coincide  with  the  zoological 
junctions. 

(ii)  Marsupites-band. 

Both  chalk  and  flints  are  of  the  same  nature  as  those 
described  in  the  Uintacrinus-hTmd,  We  fix  the  upper  limit  of 
the  zone  at  the  position  of  the  last  Marsupites  plate,  but  no  close 
zoological  junction  could  be  obtained  here  for  the  simple  reason 
that  Cardiaster  pillula^  and  still  more  Actinocamax  quadratus, 
appear  to  be  rare  fossils  in  this  bay.  We  found  the  former, 
however,  about  20  ft.  higher  up,  so  that  this  junction  conforms  to 
all  others  which  we  have  described.  In  any  case  Marsupites  is 
in  itself  a  sufficient  guide,  and  we  are  quite  content  to  establish 
the  upper  boundary  of  the  zone  by  its  presence  alone. 

The  description  of  the  junction  of  the  zone  of  Marsupites 
testudinarius  and  Actinocamax  quadraius  at  the  Culver 
(P*  -45)  deals  with  the  conspicuous  belt  of  flintless  chalk 
associated  with  the  remarkable  red-green  nodule  beds.  It  will 
be  seen  (p.  244)  that  the  lowest  of  these  nodule  beds  is  in  the 
Afarsupites-h2C[\d.  At  the  same  position  in  Scratchell's  Bay  we 
search  in  vain  for  these  features.  It  is  true  that  for  a  space  of 
about  20  ft.  the  chalk  at  this  point  is  relatively  less  flinty  than  in 
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the  beds  above  and  below  it,  but  there  is  no  warrant  whatsoe\iss 
for  Mr.  Jukes-Browne's  statement*  that  the  Marsupiies-zont  §5 

characterised  by  a  scarcity  of  flints,  for  both  the  sub-zones  c^^^g 
crowded  with  flint  courses.  Mr.  Jukes-Browne  does  not  ewss^^n 
allude  to  the  sub-zone  of  Uintacrinus  in  the  Isle  of  Wight. 

We  obtain  a  measurement  of  47  ft.  for  the  Marsupites-^a^^mr^^, 
and  this,  coupled  with  the  34  ft.  6  in.  of  Uintacrinus-ch^X]^  gm.  -^^^s 
a  total  of  81  ft.  6.  in  for  the  whole  zone.     We  believe  this  tc^     \x 
a  much  more  accurate  measurement  than  that  given  at  Fr^sli- 
water  Bay.     The  credit  of  being  the  first  to  find  this  sectior^    o( 
the  Marsupifes-hsind  belongs  to  Mr.  C.  Grifl5th  and  Mr.  R-   .ZWf. 
Brydone ;  while  here,  as  elsewhere  in  the  Island,  we  are  the  fix-st 
to  establish  the  occurrence  of  Uintacrinus, 

Neither  Marsupites  nor  Uintacrinus  can  be  said  to  ^^ 
abundant  here,  but  they  are  sufl5ciently  conspicuous  to  make  i^-^ 
source  of  wonder  that  their  existence  has  been  so  long  undetecter^^^ 
The  associated  fauna  is,  however,  alike  suflfident  and  charact^^j 
istic,  for  in  both  sub-zones  we  obtained  the  typical  pyramid^^ 
shape-variation  of  Echinocorys  scutatus,  Terebraiulina  rawei,  an^^ 
the  nipple-shaped  head  of  Bourgueticrinus,  Echinoconus  vulgan^ 
was  also  found,  but  no  trace  of  ammonites  or  belemnites.  Ther^ 
is  no  band  of  Echinocorys  or  Echinoconus  as  at  Margate. 

Zone  of  Actinocamax  quadratus. 


The  remainder  of  the  actual  cliff"  face,  as  shown  on  the  beach, 
to  within  ten  paces  of  the  big  fall  in  mucronata-chalk^  is  in  the 
zone  of  Actinocamax  quadratus.  The  chalk  is  rather  white  and 
hard,  seamed  with  flint  courses,  with  a  marl-band  here  and  there, 
while  the  chalk  itself  is  veined  with  marl,  which  gives  it  a 
decidedly  greyer  tint  than  that  seen  in  the  white  mucronata-heds. 
This  distinction  is  of  decided  utility  in  the  field.  The  flints  are 
black,  with  thin  white  cortices. 

It  would  be  difficult  to  imagine  a  more  unpromising  section 
for  fossils  than  this,  for  Echinocorys  is  only  seen  in  section,  and 
even  Porosphcpra  is  planed  off  flat.  We  removed  all  the 
examples  of  Echinocorys  which  we  saw  in  section  in  the  cliff,  and 
had  no  difficulty  in  referring  them  to  the  quadratus-^'a^.  The 
whole  section  yielded  only  two  examples  of  Actinocamax 
quadratus^  one  of  Actinocamax  granulatus,  and  twelve  of 
Cardiaster  pillula. 

Our  work  on  the  Dorset  coast  prepared  us  for  a  possible 
rarity  of  the  name-fossil,  for  there  we  found  it  only  in  a  band 
T  5  ft.  thick,  in  the  middle  of  the  zone,  in  the  horizontal  chalk  at 
West  Bottom,  near  White  Nothe.  Convert  this  horizontal  into 
vertical  chalk,  and  it  will  at  once  be  evident  how  easy  it  might  be 

•  Mtm.  Gtol.  Surv.f  Cret.,  vol.  iii,  p.  ga. 
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to  miss  the  belemnite  in  one  restricted  belt  a  few  feet  only  in 
width.  Cardiaster  pillula^  on  the  other  hand,  was  fairly  common 
in  Dorset,  even  in  the  vertical  chalk,  and  this  makes  its  com- 
parative rarity  here  the  more  remarkable. 

The  measurement  obtained  for  this  zone  is  343  ft.,  and  the 
zonal  contacts  are  purely  zoological,  being  taken  from  the  highest 
Marsupites  plate  to  first  example  of  Bekmnitella  mucronata. 
There  are  no  lithological  features  which  coincide  with  these  two 
points.  We  own  that  at  first  we  expected  a  greater  thickness  for 
this  zone,  but  Mr.  Westlake  took  such  pains  to  gel  accurate  data 
that  we  are  only  too  willing  to  accept  it  as  correct 

Immediately  to  the  north-west  of  the  fall  in  quadratus-^?^ 
we  notice  a  conspicuous  feature.  It  is  well  up  in  the  quadratus- 
zone,  and  consists  of  a  band  of  fiintless  chalk,  some  4  ft.  thick, 
which  sweeps  down  to  the  shore  in  a  bold  curve  from  the  iron 
palisade  of  the  fort.  Associated  with  it  are  two  ordinary  thin  red 
sponge-beds  5  ft.  apart.  They  are  not  in  the  same  position  as 
the  nodule-beds  at  the  Culver,  and  must  not  be  confounded  with 
that  remarkable  feature.  The  bed  which  we  have  just  described 
does  not  exist  at  Culver  Cliff. 

Zone  of  Belemnitella  mucronata. 

It  is  a  relief  to  pass  from  the  barren  ^«a^ra/wj-chalk  to  a 
zone  which  has  a  fauna  at  once  abundant  and  distinctive.  The 
chalk  is  still  hard  and  flint  courses  are  numerous,  some  of  the 
individual  masses  being  very  la|;ge.  The  colour  of  the  flints 
varies  from  black  to  a  rich  umber,  and  the  cortices  are  thin  and 
white,  though  in  the  case  of  those  of  umber  tint  the  crust  is  of  a 
fawn  colour.  Sometimes  in  other  sections  of  this  zone  the 
flints  are  smoke-grey  in  tint,  but  they  are  rarely  of  the  same 
colour  in  two  consecutive  sections. 

We  fix  our  contact  with  the  zone  of  Actinocamax  quadratus 
by  the  presence  of  the  lowest  Belemnitella  mucronata^  and  as  it 
was  found  within  one  foot  of  an  example  of  the  small  pyramidal 
Kchinocorys^  which  is  so  characteristic  of  the  horizon  in  question, 
we  had  no  scruple  in  taking  this  as  the  base-line  of  the  zone. 
The  junction  is  entirely  zoological,  as  we  find  no  lithological 
feature  sufficiently  distinctive  to  use  for  this  purpose. 

Belemnitella  mucronata  cannot  be  said  to  be  an  abundant 
fossil  here,  and  is  not  nearly  so  common  as  at  Ballard  Head  or 
Studland  Bay,  though  it  is  perhaps  rather  more  frequently  found 
in  the  higher  beds  in  Alum  Bay.  Echinocorys  is  really  a  common 
fossil,  especially  the  small  pyramidal  shape-variation,  which 
resembles  the  pointed  form  of  Echinoconus  conicus  in  profile. 
In  addition  to  these  large  and  easily  seen  guide-fossils  we  can 
always    rely  on   the  spines  of  Cidaris  serrata  and  on   Crania 
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costata,  Magas,  here  as  elsewhere,  peculiar  to  this  zone,  is  a 
gregarious  fossil,  and  when  found  is  usually  abundant  and  all- 
sufficient  as  a  guide  ;  but  in  this  island  it  would  appear  to  be  very 
uneven  in  its  distribution,  occurring  only  in  the  top  of  the 
zone.  The  bryozoa,  which  are  singularly  abundant,  are  also 
useful  in  forming  a  zonal  determination. 

Alum  Bay. 

The  junction  of  the  ffiucronata-chdXk  with  the  Tertiarics  is 
well  worth  seeing,  for  it  affords  a  remarkable  example  of  an 
eroded  surface  of  pre-Tertiary  age.*  On  the  occasion  of  our 
visit  we  had  to  wait  for  the  tide,  and  occupied  the  time 
very  profitably  by  breaking  up  the  blocks  which  had  fallen  at  the 
junction  with  the  Tertiaries.  The  chalk  at  this  point  is  quite 
soft  and  can  be  readily  trimmed  with  a  knife.  Magas  pumilus  is 
here  quite  abundant.  One  can  walk  out  to  the  Needles  at  low 
tide,  but  the  results  hardly  justify  the  labour,  as,  owing  to  the 
sheared  surfaces  of  rock,  which  arc  all  cut  along  the  bedding- 
planes,  the  fossils  are  not  well  preserved,  while  even  the  falls 
yield  but  a  poor  fauna.  It  is  instructive  to  examine  this  section 
at  a  really  low  tide,  for  then  the  extent  of  the  chalk  reefs  gives  one 
some  idea  of  the  thickness  of  the  mucronata-i.oxx^. 

The  famous  Needles  are  wedge-shai)ed  rocks  of  mucronata- 
chalk  which  have  resisted  marine  and  aerial  erosion  to  a  surprising 
degree.  As  we  traverse  the  fm(cronaia-Q\\7}\\i  in  Scratchell's  Bay 
it  becomes  evident  that  an  increasing  degree  of  induration  is  met 
with  as  we  approach  the  Needles,  and  this  reaches  its  maximum 
at  the  southern  surface  of  the  shoreward  Needle.  Indeed,  the 
chalk  is  here  so  hard  that  it  is  almost  impossible  to  remove  a 
fossil  from  it,  and  herein  unquestionably  lies  the  explanation  of 
the  formation  and  persistence  of  these  famous  pinnacles.  The 
Needles  run  out  a  little  south  of  west,  following  the  almost 
straight  westerly  trend  of  the  beds  in  Alum  Bay.  Mr.  Strahan 
tells  ust  that  "a  lofty  spire  of  chalk,  which  once  rose  as  the  most 
conspicuous  of  the  group,  fell  down  in  1764.  A  base  of  60  ft  in 
diameter  has  been  levelled  on  one  of  them  for  the  foundations 
of  the  lighthouse,  which  was  removed  to  it  in  1S58  from  High 
Down,  where  it  originally  stood.'* 

The  thickness  of  the  w//f/-i^;/rt/^- chalk  is  greater  than  that 
hitherto  recorded  for  any  section  of  the  zone,  for  it  yielded  the 
big  measurement  of  475  ft.  It  will  be  remembered  that  at 
Ballard  Head  we  had  a  thickness  for  the  bed  of  250  ft.,  but  that 
this  did  not  take  into  consideration  any  portion  of  this  zone  south 

•  Mr.  \Vhitak<'r(oy>.  cii.)  denies  this,  and  sti»t«  s  that  it  is  analogous  to  the  well-known 
pipes  at  the-  surface  ot  the  chalk,  and  that  it  is  due  to  the  solution  of  the  surfkceof  the- 
chalk  after  the  tocenc  series  had  been  dtjposited.  See  also  *'  Isle  of  Wight  Memotr," 
Fig.  16.  p.  95. 

\  Mem.  Gcol.  Survey,  I.  of  Wight,  p.  73. 
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posts  24  and  25,  but  nearer  to  the  former.  We  found  the 
^distinctive  bryozoon,  Bicavea  roiaformis^  in  the  same  position 
^s  on  the  shore,  both  in  the  flinty  and  flintless  chalk.  The 
*^ction  yielded  a  fair  list,  including  Holaster  planus^  Micraster 
^^^-^€^is,  Micraster  leskei^  Micraster  precursor,  Echinocorys 
^^^^^tus  var.  gibbuSy  Hemiaster  minimus^  Pentcurinus  as[assizi^ 
^^^^^ratula   carnea,    Rhynchonella    plica tiiis  and    Rhynchonella 

.  "l^he  contact  between  the  zones  of  Hotelier  planus  and 
^'^^^^ster  cor-testudinarium  is  found  at  the  marl  band  which  cuts 
r?^      road-line  thirty-two  paces  west  of  telegraph   post  No.  24. 

i  ^^^  are  here  seen  two  marl-bands,  but  they  look  more  than 
^a  .^^.  apart,  as  at  Watcombe  Bay.  Micraster  cor  testudinarium^ 
^^^^^"^ster  prcecursor^  and  Echinocorys  smtatus  var.  gibbus  were 
ner^    collected. 

^Ve  obtain  a  junction  between  the  zones  of  Micraster 
^^'^'^^stiidinarium  and  Micraster  cor-anguinum  by  finding  the 
^^X'l^band  6^  ft.  above  the  first  of  the  paired  tabular  flint  bands, 

'^ci     ^.g  trace  this  marl-band  to  the  level  of  the  road  at  a  spot 

^"^^ty-seven  paces  west  of  telegraph  post  No.  22. 
.        The  remainder  of  the  western  end  of  this  road  section  is  cut 
.*^  ^He  zone  of  Micraster  cor-anguinum^  for  we  carefully  examined 
l  ^^^om  telegraph  post  No.   17  to  the  end  of  the  exposure,  and 

^'•^^ci  to  find  any  trace  of  Uintacrinus.  We,  however,  collected 
'i^^^aster  cor-anguinum^  Echinoconus  vulgaris^  and  the  character- 

^^*^    shape-variation  of  Echinocorys, 

It  would  have  been  impossible  to  have  attempted  to  zone  this 

Y^^ion  without  the  aid  of  Micraster,  By  careful  collecting  we 
^*"*ta.ined  thirty  examples  of  this  urchin,  and  were  enabled  not 
^  nly  ^Q  demonstrate  the  typical  zonal  forms,  but  also  the  passage 

^*^s  linking  up  the  facies  of  the  several  zones. 
j^-.  iDr.  Barrois  {op,  cit.  p.  22),  Mr.  Strahan  {op.  cit.  p.  82),  and 
^v  .*"-  Jukes-Browne  {op.  cit,  vol.  iii,  p.  90)  give  a  description  of 
1^*^  section,  the  two  latter  with  detailed  measurements,  and 
^,  *"-  Barrois  and  Mr.  Jukes-Browne  with  diagrams ;  but  none  of 
j^  ^*Vi  have  made  an  attempt  to  define  the  boundaries  of  the  zones 

^  Zoological  data. 
^.  /rhe  position  of  the  Military  Road  is  indicated  in  the  upper 
fj.^'^ion  of  PI.  B.  by  the  telegraph  posts,  which  are  numbered 
l^'^^  fourteen  to  twenty-seven.  The  position  of  several  of  these 
^^ts  in  relation  to  the  zones  does  not  correspond  with  our 
^^^liption  in  the  text.  As  the  actual  posts  are  numbered,  no 
^^crulty  on  this  score  will  arise  in  the  field. 

Culver  Cliff. 

It  is  well  to  state  that,  to  all  intents  and  purposes,  the  extreme 
'^^hem  point  of  the  Culver,  at  the  Nostrils,  is  inaccessible  on 
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foot  from  Sandown  Bay.  The  boatmen  tell  us  that,  in  point  of 
fact,  there  are  about  ten  occasions  in  the  year  when  the  headland 
can  be  passed  on  foot,  but  to  do  that  there  must  be  no  on- 
shore wind  and  the  sea  must  be  quiet.  One  can  land  at  the 
Nostrils  on  a  calm  day,  but  the  boatmen  will  not  do  so  if  any 
swell  exists.  Except  for  this  extreme  point,  the  whole  of  the 
section  from  Sandown  Bay  to  Whitecliff  Bay  may  readily  be 
examined  at  low  tide ;  but  to  investigate  the  Nostrils  section  in 
comfort  a  really  low  tide  should  be  chosen,  as  this  will  obviate 
the  necessity  for  climbing  over  steep  and  seaweed-covered  rods. 
P  or  ease  in  reference  we  divide  the  Culver  into  the  Southern 
Cliff,  which  extends  from  Sandown  Bay  to  the  southern  side  of 
the  Nostrils  ;  the  Eastern  Cliff,  which  takes  in  that  portion  from 
the  Nostrils  to  the  south-east  corner  of  Whitecliff  Bay ;  and  the 
White  Cliff,  which  is  seen  only  in  Whitecliff  Bay. 


On  Culver  Down.     . 

The  walk  over  the  top  of  Culver  Down  is  interesting,  though 
by  no  means  so  instructive  as  that  from  Freshwater  to  the 
Needles.  Numerous  small  patches  at  the  cliff  edge,  and  slipped 
faces  further  back,  give  an  indication  of  the  zone.  Practicily 
all  these  surfaces  on  the  Southern  Cliff,  as  far  as  the  White 
Horse,  are  in  the  zone  of  Micraster  cor-angiiinum.  It  will  be 
remembered  that  the  same  thing  occurred  all  along  High  Down, 
from  Freshwater  to  Sun  Corner,  and  the  reason  for  this  i* 
obvious  when  we  examine  the  section  from  a  boat.  Qu*te 
recently  a  Marconigraph  station  has  been  erected  to  the  south  of 
the  Earl  of  Yarborough's  monument,  and  in  front  of  it  is  a  Urge 
heap  of  chalk  tipped  from  the  excavations  for  the  same.  An 
examination  of  the  chalk  yielded  several  plates  of  Marsufitts. 
If  the  eye  be  carried  from  this  building  to  the  position  of 
Bembridgc  Fort,  and  thence  to  pit  No.  40,  an  excellent  linewi^^ 
be  obtained  for  the  position  of  the  Marsupites-zonQ,  A  reference 
to  the  section  of  the  paper  devoted  to  the  pits  (p.  259),  will  show 
that  part  of  the  chalk  tipped  from  the  excavation  for  Bembridge 
Fort  is  found  in  pit  No.  15.  The  wire  cables  which  we  see  on 
the  shore  are  the  earth-cables  of  the  Marconigraph. 

The  War  Office  has  taken  over  the  whole  of  the  end  of  the 
chalk  Down  overlooking  Whitecliff  Bay,  and  the  remainder  of 
the  Head  almost  up  to  the  Marconigraph  station  ;  so  that  in  the 
near  future  this  area  will  be  incapable  of  examination.  A  trench 
has  been  cut  from  a  point  south  of  the  semaphore  in  a  south- 
easterly direction  to  the  cliff  edge.  At  the  upper  part  of  this 
trench  the  two  pairs  of  greenish-red  nodule-beds,  which  are  such  * 
conspicuous  feature  on  the  shore,  are  seen  associated  with  the 
two  tabular  bands  of  flint  and  the  four  marl-seams.     Among  tbc 
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>er  nodule-beds  we  found  two  perfect  examples  of  Echinocorys 
tatus  of  the  shape-variation  distinctive  of  the  Actinocamax 
idrafus-zonQ ;  while  at  the  seaward  end  of  the  trench  we 
lected  an  example  of  Echinocorys  of  the  shape-variation 
onging  to  the  Micraster  cor-anguinum-zowt,^  Echinoconus 
^garis^  and  Micraster  ror-anguinum.  The  trench  extends, 
refore,  from  the  Micraster  cor-anguinum-zont.  to  that  of 
finocamax  quadratus.  We  examined  the  intermediate  chalk 
plates  of  Marsupites  and  Uintacrinus,  but  without  result,  for 
reason  that  the  trench  was  so  recent  that  weathering  had  not 
had  time  to  take  place.  We  also  searched  the  cliff  edge  for 
ntacrinus,  but  there  were  no  bare  spots  where  that  fossil  should 
)ear;  while,  in  any  case,  it  is  doubtful  if  the  cliff  is  high 
)ugh  to  take  in  the  whole  thickness  of  the  zone  of  Micraster 
-anguinum. 

Some  useful  collecting  in  the  zone  of  Micraster  coranguinum 
y  be  obtained  in  the  bare  surfaces  at  the  cliff  edge,  and  we 
uld  particularly  mention  one  broad  surface  leading  down  to  a 
h  hewn  behind  the  ledge  to  the  Hermit's  Hole,  which  is  a 
e  in  the  upper  part  of  the  cliff.  Those  who  utilise  this  narrow 
h  should  remember  that  sheep  often  stray  down  it.  The 
itmen  tell  us  that  this  fact  bears  with  it  an  unexpected  danger, 
the  sheep,  frightened  by  the  sound  of  footsteps,  will  rash  up 
:  path  and  would  readily  thrust  a  man  over  the  edge  into  the 
.  They  say  that  the  course  which  they  invariably  adopt  is  to 
in  the  legs  wide  and  to  allow  the  sheep  to  get  past  in  that 
y.  There  is  a  footpath  to  the  shore  at  Whitecliff  Bay, 
ich  passes  over  the  junction  of  the  Chalk  with  the  Tertiaries, 
[act  of  which  one  hardly  needs  to  be  reminded  when  making 
2  descent  on  a  wet  day.  We  can  also  reach  this  bay  from 
ndown  by  taking  the  road  through  Yaverland  and  then  striking 
i  footpath  which  skirts  the  northern  side  of  the  Down. 


The  Culver  Section. 

We  take  the  beds  in  ascending  order  as  they  are  exposed  in 

•  Southern  Cliff,  the  Eastern  Cliff,  and  in  the  White  Cliff.  The 
tion  can  be  reached  by  walking  along  the  shore  from  Sandown, 
^y  following  the  cliff  path  until  a  point  is  reached  some 

*  yards  west  of  the  base-line  of  the  chalk  on  our  map,  where 
"^  is  a  path  to  the  shore  over  the  Greensand.  Arriving  on  the 
f"e  we  note  that  there  is  a  boss  of  Upper  Greensand,  which 
'^cts  from  the  cliff,  with  a  deep  gully  in  it.  This  feature  is 
^h  noting,  as  it  is  there  that  one  may  readily  be  caught  by 

tide.  An  exactly  similar  Greensand  obstruction  exists  at 
^pton  Bay,  and  we  have  had  to  wait  there  for  two  hours 
^  the  beach  beyond  was  lying  high  and  dry.     Passing  over  a 
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fine  exposure  of  Chalk  Marl  and  Grey  Chalk  with  ledges  of  die 
same  running  out  in  trough-like  reefs,  we  reach  a  good 
section  of  the  Actinocamax  p/gnus-msa^ls.  Though,  according  to 
the  Geological  Survey  Memoir,  they  are  not  supposed  to  contain 
the  belemnite,  we  found  one,  together  with  a  tooth  of  Ptychodus 
decurrens.     At  this  point  our  work  begins. 

With  the  data  obtained  at  the  west  end  of  the  island  fresh  in 
mind,  it  will  be  well  to  make  a  rapid  traverse  of  the  section  on 
foot  as  far  as  the  tide  will  allow  us  to  go,  and  to  the  information 
gained  by  that  means  add  the  clearer  perspective  gained  by 
viewing  it  from  a  boat. 

Starting  from  the  plenus-m2ix\s  it  soon  becomes  abundantly 
clear  that  not  a  single  junction  will  be  obtained  in  the  Southern 
Cliff.  And  the  reason  for  this  is  obvious  in  that  only  the 
last  800  ft.  of  this  cliff  is  free  from  falls,  while  even  this 
part  is  tide-washed  and  obscured  by  seaweed.  Several  of  the 
falls  are  of  considerable  magnitude  and  there  is  a  steep  turf-dad 
slope  above  them,  notably  the  large  one  immediately  to  the  east 
of  the  cables,  which  measures  some  300  ft.  across.  It  is  only  by 
climbing  up  these  steep  slopes  that  we  can  hope  to  collect  in  sitfi 
from  the  zone  of  Holaster  planus  and  from  the  top  of  that  of 
Terebraiulina  gracilis.  Moreover,  there  is  only  one  point  at 
which  the  zone  of  Micraster  cor-testudinarium  can  be  reached, 
and  that  is  from  the  top  of  one  of  these  slopes,  but  the  climb 
is  too  risky  to  be  attempted  lightly.  At  Compton  Bay  the 
"  spurious  Chalk  Rock "  formed  a  notable  feature  in  the  cliff, 
but  here,  at  the  time  of  our  visit,  we  were  unable  to  see  it  from 
the  shore,  and  could  rarely  fix  its  position  even  when  we  had 
climbed  to  the  top  of  the  talus.  The  "black  marl- band,"  as  at 
Compton  Bay,  is  nowhere  visible  as  such,  though  we  can  define 
its  position,  as  well  as  that  of  the  "  grey  marl-band "  and  the 
*''•  Bicavea-h^^^  All  these  features  can  be  reached  in  sitii  by 
climbing.  On  the  whole,  the  eastern  cliffs  of  the  Island  compare 
unfavourably  with  the  western,  and  had  we  not  been  able  to 
obtain  zonal  junctions  in  the  latter,  we  should  have  had  here 
much  difficulty  in  even  guessing  at  the  thickness  of  the  various 
zones. 

We  now  view  the  section  from  a  boat,  starting  as  before  from 
the  outcrop  on  the  shore  of  the  //?;///j-marls.     The  parallelism 
between  this  and  the  grand  cliff  between  Freshwater  and  Suiv 
Corner    is   clearly    brought   out.      We   note   that    the   zone   oE 
Micraster  cor-anguinum  comes  into  the  top  of  the  cliff  immediately^^ 
above  the  outcrop  on  the  shore  of  the  //f;/wj- marls,  and  from  thi?=^ 
point  to  the  Hermit's  Hole  it  is  plainly  distinguished  as  a  thict^ 
white  cap  to  the  cliffs.     If  this  zone  measures  anything  like  th^=: 
300  ft.  which  is  the  average  of  the  measurements  of  the  tw^cr: 
sections  at  Freshwater  Bay  and  Scratchell's  Bay,  then  it  is  cle^^— 
that  not  only  is  there  no  chance  of  getting  Uintacrinus  at  the  to-    " 
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f  the  Southern  Cliff,  but  that  the  cliffs  are  not  high  enough  to 
ring  in  the  whole  thickness  of  the  zone  in  question. 

Below  this  cap  of  white  chalk  we  readily  distinguished  the 
odular  and  reddish  beds  of  Micraster  cor-testudinarium^  the 
reyer  and  smoother  beds  of  Ho/aster  planus^  and  the  white 
nd  flintless  chalk  of  the  zones  of  Tertbratulina  gracilis  and 
Ihynchonella  cuvieri.  As  we  near  the  Nostrils  it  is  evident  that 
le  lower  beds  of  Holaster  planus  fall  to  the  shore  long  before 
re  come  to  the  end  of  this  Southern  Cliff,  and  that  the  Micraster 
TT'testudinarium-zoTie,  can  alone  be  worked  for  a  short  distance 
rest  of  the  Nostrils  and  at  the  Nostrils  themselves.  In  support 
f  this  view  we  may  mention  that  we  afterwards  walked  almost 
o  the  end  of  the  Southern  Cliff,  and  there  obtained  examples  of 
K>th  Micraster  cor-testudinarium  and  Micraster  precursor.  There 
s  really  no  difficulty  in  reaching  this  point  at  low  tide,  for  the 
arther  one  goes  the  better  is  the  foothold,  in  that  the  rocks  are 
ough  with  barnacles  and  calcareous  algae. 

It  is  clear  as  we  round  the  Shag  Rock  that  both  Npstrils  are 
brmed  in  the  zone  of  Micraster  cor-testudinarium^  and  that  the 
:ontact  with  the  zone  of  Micraster  cor-anguinum  occurs  at  the 
unction  of  the  northern  Nostril  with  the  southern  side  of  the 
projecting  cliff  called  the  White  Horse.  Passing  to  the  north 
side  of  the  White  Horse  we  note  that  there  is  a  little  bay,  in 
the  middle  of  which  is  a  recent  fall,  while  at  its  southern  end  we 
see  a  feeble  imitation  of  the  Grand  Arch  at  ScratchelFs  Bay  cut, 
curiously  enough,  in  the  Micraster  cor-anguinumzonQ^  as  in  the 
latter  locality.  The  cliff  then  advances  to  the  east  and  becomes 
Wgher,  and  we  note  the  four  lines  of  yellow  and  green  nodules  and 
the  belt  of  flintless  chalk  associated  with  them.  Then  the  cliff 
recedes  again,  forming  a  long  and  shallow  bay  which  terminates 
in  a  projecting  ledge  running  out  to  the  east.  Rounding  this 
corner  we  complete  our  inspection  of  the  Eastern  Cliff,  and  enter 
hat  of  Whitecliff  proper.  Here  the  cliff  turns  round  sharply  to 
^e  north-west,  and  we  obtain  a  view  of  the  junction  of  the  Chalk 
'^^^  the  Tertiaries.  These  are  the  main  features  to  be  noted 
^'^  the  sea,  and  these  will  be  expanded  and  coupled  with  the 
^^^ssary  zoological  data  when  we  review  the  section  seriatim 
*    ^oot. 

Zone  of  Rhynchonella  cuvieri. 

^Ve  now  start  once  more  from  the  point  on  the  shore  which 
left  to  enter  the  boat — the  outcrop  of  the  plenus-mdnXs. 
^ing  to  the  east  we  traverse  a  long  and  splendidly-weathered 
■^*On  in  the  zone  of  Rhynclwnella  cuvieri^  better  exposed  even 
"■^  in  Compton  Bay,  and,  indeed,  never  more  adequately 
^^yed   anywhere  on   the   English   Coast.      Unfortunately,  a 

^^curs  at  the  very  spot  where  we  should  obtain  a  junction 
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with  llie  zone  of  Terebratulina  ^raci/is^  and  as  the  fall  is  extensive 
it  entirely  prevents  any  attempt  at  obtaining  a  zonal  measurement 
The  thickness  of  this  zone  at  Compton  Bay  is  87  ft.  4  ins.,  and 
we  have  no  reason  to  think  that  it  is  any  less  at  the  Culver. 

Finely  as  this  zone  is  displayed  it  is  not  a  rich  exposure 
for  collecting,  as  we  only  obtained  thirty-seven  species.  In 
this  respect  it  compares  unfavourably  with  the  sections  at  Dover 
and  Beer  Head.  The  name-fossil  and  Inoceratnus  mytiloides  are 
abundant,  and  among  the  usual  characteristic  fossils  of  this  zone 
we  are  able  to  record  Discnuha  dixoni^  Cardiasier  pygtnaus^ 
Cardiaskr  cretaceus,  liefniaster  minimus,  Cyphosoma  radiatum^ 
Salenia  granulosa,  Ammonites  peramplus,  the  usual  shape- 
variation  of  Ostrea  vesimlaris  and  Serpula  avita.  We  searched 
in  vain  for  Echinoconus  suhrotundus^  Echinoconus  castanea  and 
Glyphocyphus  radiatus.  The  exposures  in  South  Dorset  were  so 
poor  that  it  is  hardly  fair  to  compare  them  with  these,  but  we 
may  mention  that  both  Echifwconus  subrotundus  and  Echinoconus 
castanea  were  ohtiined  there  and  that  Glyphocyphus  radiatus 
was  not  found.  As  wc  can  obtain  no  junction  here  with  the 
graci/is-bads  we  have  not  attempted  to  give  an  incomplete 
measurement  of  the  Rhynchonella  cuvieri-zonQ. 

There  is  no  Melbourn  Rock  or  grit-bed  here.  Indeed,  the 
lower  part  of  the  zone  is  made  up  of  hard,  smooth,  greyish  chalk, 
with  grey  marl-bands  every  two  or  three  feet,  and  Inoceramus 
mytiloides  is  quite  rare  in  the  lower  10  to  15  ft. 


Zone   of  Terebratulina   gracilis. 

Normally,  no  doubt,  the  gracilis-htdL^  are  here  well  displayed 
and  of  considerable  linear  extent,  but  when  we  examined  them  in 
1905  they  were  interrupted  in  several  places  by  falls,  so  that  it  was 
impossible  to  even  attempt  any  measurements.  There  is  a  small 
exposure  of  this  chalk  ///  situ  immediately  to  the  east  of  the 
cables,  but  this  is  the  last  that  we  see  of  it,  for  it  is  then  covered 
by  the  big  300  ft.  fall. 

A  contact  with  the  zone  of  Bolaster  planus  can  be  reached 
by  climbing  up  the  steep  talus,  and  such  of  the  gracilis-chUl^ 
as  is  here  exi)osed  is  in  good  order  for  collecting,  though  the 
surfaces  are  by  no  means  so  extensive  as  in  Compton  Bay. 
At  the  latter  locality  we  obtained  a  list  of  sixty-three  species, 
but  here  we  had  to  be  content  with  forty-three,  and  these  found 
only  by  tedious  climbing  up  the  steep  talus.  One  feature  we 
searched  for  diligently,  but  in  vain — the  siliceous  nodules  peculiar 
to  this  zone  ({).  218).  Whether  they  were  covered  up  by  a  fall, 
or  whether  they  are  non-existent,  we  know  not.  In  any  case,  our 
faith  in  the  persistence  of  lithological  features  in  this  island  is  of 
the  feeblest,  so  it  would  not  surprise  us  to  find  that  they  were 
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actually  absent.  The  "spurious  Chalk  Rock"  could  not  be 
traced  in  the  cliff  save  for  one  short  exposure  of  a  few  feet,  for 
at  the  level  at  which  it  should  occur  the  chalk  is  much  obscured 
by  grass  and  talus  ;  but  that  it  does  exist  in  its  normal  position  is 
made  clear  by  finding  it  in  fallen  blocks  on  the  shore. 

As  at  Compton  Bay  we  note  here  a  complete  absence  of 
Inaceramus  mytiloides  in  this  zone,  and  in  place  of  it  we  find 
^noceramus  lamarcki,  and  more  rarely  Inaceramus  brongniartu 
In  the  upper  part  of  this  zone  Holaster  planus  is  rather  common, 
and  Z)iscoidea  dixoni  is  not  infrequently  found  in  the  lower  part 
The  name-fossil  is  only  seen  on  air-weathered  surfaces  well  out  of 
reach  of  the  waves. 


Zone  of  Holaster  planus. 

If  the  ;?ra«7/V-chalk  be  badly  exposed,  what  shall  we  say  ot 
^be  zone  under  discus^on?  In  1905  the  junction  with  the  zone 
^  ^erebratulina  ^adlis  was  buried,  and  the  only  exposure  of 
y'^^ster  p/anus-chalk  was  immediately  to  the  east  of  the  last  big 
^^}^  and  some  100  yards  east  of  the  earth-cables.  We  find  at 
^bis  spot  the  lowest  beds  of  the  zone,  for  the  lowest  flint-line  and 
^he  '« Bicavea-bed  "  are  seen  with  the  **  grey  marl-band  "  below 
^^ni.  Neither  the  "  black  marl-band  "  nor  the  "  spurious  Chalk 
^ock  "  are  exposed.  By  climbing  up  the  turf-clad  slopes  we  can 
?^  Several  spots  reach  the  contact  of  this  zone  with  the  gracilis- 
^^  and  the  "  Bicavea-h^d  "  can  often  be  worked  in  situ,  while 
fk  ^^^  place  we  managed  to  get  well  up  into  the  upper  part  of 
,^^  zone;  but  nowhere  could  we  reach  a  really  accessible 
^^^ction  with  the  chalk  of  Micraster  cor-testudinarium.  The 
^^Our  of  the  Holaster  planus-h^d  is  not  so  grey  as  in  Dorset, 
^^  it  is  here  certainly  less  nodular  than  the  chalk  of  the  over- 
lying zone ;  while  we  should  also  say  in  addition  that  it  is  less 
Modular  than  usual. 

,     One  of  the  chief  points  of  lithological  interest  lies  in  the  fact 

jj?t  the  flints  of  the  lowest  flint  course  are  often  imperfectly 

^**cified.     Though  this  is  by  no  means  universally  the  case,  it  is 

f^*ficiently  often  so  to  be  notable.     There  is  no  Chalk  Rock 

^f'^    in   the   true  lithological   sense,  and  it  is  equally  absent 

j^^logically,  tor  even  the  ever-present  Pleurotomaria  perspectiva 

p  ^    Turbo  gemmatus  were  for  once  missing,  both  here  and  at 

jf^n[ipton  Bay.     We  found  the  latter,  however,  in  the  base  of  the 

^G  of  Micraster  cor-testudinarium  at  Watcombe  Bay. 

The  blocks  from  this  zone  on  the  falls  are  equally  numerous 

**^Q>  'Well  weathered,  so  that  those  who  do  not  possess  a  zoological 

j^^^science  to  trouble  them  about  zonal  differentiation  will  find  a 

5^*^  harvest  here.     The  richness  is,  however,  more  in  the  direction 

^     'dumber  than  variety.     The  few  additions  which  we  made  to 

*^oc.  Geol.  Assoc.,  Vol.  XX,  Part  4,  1908.]  18 
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our  list  from  fallen  blocks  were  taken  with  great  care,  aa 
nothing  was  entered  unless  the  indication  as  to  zone  was  place 
beyond  doubt  by  definite  zoological  evidence.  We  obtained 
list  of  sixty-six  species  as  against  sixty-nine  at  Compton  Ba 
The  name-fossil,  Micraster  cor-bavis,  Micraster  Uskei^  Micrast 
pracursor^  Echinocorys  scutaius  var.giddus,  and  Pentacrinus  agass^ 
are  fairly  abundant ;  while  the  customary  brachiopods,  Terebratm 
camea,  Terebratula  semiglobosa^  Rhynchonella  cuvieri^  a] 
Rhynchonella  reedensis  are  well  represented.  Our  only  rar-i 
consisted  of  Pecten  pexatus^  which  we  also  found  at  Compt^ 
Bay. 

Zone  of  Micraster  cor-testudinarium. 

As  we  have  previously  indicated,  this  zone  cannot  be  workt 
in  sitH^  even  on  the  grass  slopes,  and  is  only  accessible  on  tl 
shore-line  at  a  ix)int  very  near  the  eastern  extremity  of  tJ 
Southern  Cliff.  The  surface  at  the  last  locality  is  very  poor  an 
has  a  worm-eaten  appearance,  and  is  only  useful  in  defining  th 
position  of  the  zone.  We  noted  that  the  most  easterly  exposur 
oi  Bolaster  planuS'Ch^W  was  situated  loo  yards  east  of  the  earth 
cables ;  then  follows  a  small  fall  of  large  sea-weed  covered  blocks 
and  finally  the  sheer  surface  of  Micraster  cor-testudinarium-c^taXk^ 
which  extends  to  the  extreme  end  of  the  section,  opposite  the 
Shag  Rock. 

The  junction  with  the  Holaster planus-zouQ  is  quite  inaccessible 
and  occurs  in  the  sheer  surface  of  the  Southern  Cliff  towards  its 
eastern  extremity,  and  we  searched  in  vain  for  the  two  beds  o\ 
marl,  i  ft.  6  ins.  apart,  which  mark  the  zonal  junction  so  clearl) 
in  the  bays  of  Watcombe  and  Freshwater. 

When  we  visited  the  Nostrils  we  were  favoured  with  a  26  ft 
tide  and  a  calm  day,  and  had  no  difficulty  in  making  a  length] 
examination  of  this  section  on  foot  from  Whitecliff  Bay.  B! 
climbing  up  the  ledge  on  the  southern  side  of  the  seawar< 
Nostril  we  collected  some  excellent  examples  of  Micraster  cof^ 
testudinarium  with  "strongly  sub-divided"  ambulacra.  It  > 
clear  that  on  this  ledge  we  are  well  within  the  zone  und^ 
discussion  and  not  near  its  lower  boundary.  In  the  roof  of  tb 
southern  Nostril  we  found  a  band  of  Metnbranipora  about  a  fo^ 
thick.  We  had  previously  noted  it  on  the  falls,  referring  it  to  i' 
proper  horizon  by  means  of  associated  Micrasters,  but  were  ve^ 
pleased  to  be  able  now  to  localise  it  so  exactly.  The  southed 
Nostril  is  entirely  in  this  zone,  and  the  junction  with  the  beds  ^ 
Micraster  cor-anguinum  may  be  placed  at  the  point  where  ttr 
out-jutting  cliff  called  the  White  Horse  joins  the  surface  in  whic 
the  northern  Nostril  is  cut. 

There  are  here  none  of  the  lithological  features  on  which  ^ 
rely  at  Watcombe.     There  is  no  marl-band  and  no  pair  of  tabub 
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flint  bands  i  ft.  apart,  followed  by  a  conspicuous  belt  of  flintless 
cbalk  I  ft.  3  ins.  in  thickness.  Their  absence  is  not  a  source  of 
surprise.  It  is  difficult  to  find  an  accurate  junction  here  because 
Mbasters  are  rare.  At  Watcombe  Bay  we  had  abundant 
evidence  of  this  nature,  and  it  will  be  remembered  that  there  we 
phced  the  junction  in  such  a  way  that  some  lo  ft.  of  nodular 
chalk  was  included  in  the  zone  of  Micraster  cor-anguinum.  If 
we  do  the  same  here  we  may  take,  as  at  Scratchell's  Bay,  a  strong 
tabular  flint  band  as  our  boundary  line.  The  two  Micrasters 
which  we  found  in  the  lowest  bed  of  nodular  chalk — a  bed 
crowded  with  fragments  of  Inoceramus  lamarcki — had  no  base, 
and  were  so  eroded  by  long  exposure  as  to  be  almost 
^determinable.  In  favour  of  taking  the  strong  tabular  flint  band 
as  the  upper  boundary  of  this  zone,  we  have  the  fact  that  in  the 
white  and  smooth  chalk  but  a  few  feet  above  it  we  found  Epiaster 
V^^  and  it  is  very  unusual  to  see  this  urchin  below  the  level  of 
^Mxcmster  coranguinum-zonQ. 

We  do  not  pretend  to  have  made  a  list  from  this  section,  and 
anyone  who  visits  the  Nostrils  will  appreciate  the  reason  for  our 
^'cticence.  The  discovery  of  Micraster  cor-testudinarium  is 
*^ent  evidence  for  us  in  such  a  section,  and  we  are 
abundantly  satisfied  to  have  obtained  data  of  so  convincing  a 
^re.  The  thickness  of  the  zone  is  difficult  to  estimate,  for  the 
'^ason  that  the  junction  with  the  No/aster  planus-i.oii^^  being  in 
*c  sheer  surface  of  the  Southern  Cliff,  is  inaccessible. 


Zone  of  Micraster  cor-anguinum. 

Here  again  we  have  no  chance  of  obtaining  any  definite 
P^urement,  by  reason  of  the  fact  that  a  fresh  fall  has  occurred 
j?  the  little  bay  on  the  north  side  of  the  White  Horse.  The 
^e  bay  is  indicated  on  the  6-inch  map  by  the  space  between 
Rewords  ** VVhitecliff  Ledge"  and  "White  Horse."  This  fall 
^  caused  the  chalk  on  either  side  of  it  to  be  so  obscured  by 
TJfst  that  the  section  in  the  area  is  quite  unworkable.  Our  list  is 
^necessity  a  meagre  one,  and  we  can  only  record  twenty-six 
H^es.  Among  them  we  may  mention  the  name-fossil,  the 
vPical  shape-variation   of  Echinocorys  belonging   to  the  zone, 


F/tfr  gibbuSy   the   long   columnar   of  Bourgueticrinus,*   and 
^eets  of  Inoceramus  cuvieri. 

"^e  obtained  a  measurement  of  310  ft.  at  ScratchelPs  Bay, 
7**  ft.  at  Freshwater  Bay,  which  we  may  roughly  average  at 
at^/^*  and  we  should  say  that  there  is  quite  that  amount  exposed 
^  ^he  Culver  on  the  reefs. 

PL,lII^te  Chalk  of  the  EngUsh  Coast.    Part  I."  Proc,  Geol.  Assoc.,  xvl  (6).  1900 
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Zone  of  Marsupites  testudinarius. 
(z)  Uintacrinus-band. 

This  sub-zone  is  fairly  well  exposed  and  free  from  searc 
the  name-fossil  is  reasonably  abundant  and  easy  to  see,  so  tha: 
is  difficult  to  understand  why  this  should  be  the  first  record  of 
existence  in  this  section.  We  got  a  moderately  close  cont 
with  the  Marsupi/eS'band  above,  and  traced  it  in  the  lo« 
direction  until  we  met  with  the  area  rendered  dusty  and  unwoi 
able  by  the  fall  already  mentioned.  The  measurement  which  ^ 
give  is  53  ft.,  as  against  34  ft.  6  ins.  at  Scratchell's  Bay.  0 
list  is  naturally  but  a  poor  one,  numbering  twenty-nine  spedtf 
all,  but  included  in  it  we  record  the  characteristic  pyramid 
shape  variation  of  Echinocorys^  the  barrel-shaped  columnar 
Baurf^eticrinus,  Terebratulina  rowei^  and  Caryophyllia  eyl^ 
dracea.     It  only  remains  to  say  that  the  flint  courses  are  abundai 

Mr.  Jukes-Browne  (op,  at,  vol.  iii,  p.  92)  mentions  t 
scarcity  of  flints  as  being  characteristic  of  the  Marsypites-ix>\ 
As  Uintacrinus  has  until  now  been  undiscovered,  it  is  obvi< 
that  he  there  refers  to  the  Marsupites-h^Lnd  only ;  but  we  st 
show  that  this  statement  does  not  hold  good  for  this  sub-z< 
at  Downend  Pit,  at  pit  No.  40,  and  at  the  bays  of  Freshwa 
and  Scratchell  (pp.  224  and  230). 

(a)   The  Marsupites-band. 

So  far  as  we  know,  this  is  also  the  first  record  for  this  crin 
at  Culver  Cliff,  for  Mr.  W.  Hill  does  not  mention  it,  * 
Mr.  Griffith  informs  us  that  he  and  Mr.  Brydone  failed  to  fin< 
when  they  examined  this  section.  Indeed,  anyone  might  rea< 
be  excused  for  overlooking  it,  for  the  lower  part  of  the  area 
which  it  is  contained  is  much  obscured  by  seaweed,  and  our 
plates  were  collected  in  the  upper  portion  of  the  sub-zone  aloi 

The  thickness  obtained  for  the  Marsupifes-hsindf  so  far  a 
goes,  is  reasonably  accurate,  but  the  upper  and  lower  bounds 
are  confessedly  nebulous,  in  that  the  seaweed  prevents  accu 
observations  being  made.  We  cannot,  however,  be  far  out  ^ 
the  latter,  as  we  found  a  body-plate  of  Uintacrinus  on  a  flint 
far  from  the  lowest  Marsupites  plate,  and  we  take  that  as  the  t 
line.  We  found  Marsupites  plates  on  the  lower  side  of 
lowest  nodule-bed,  and  Actinocamax  granulatus  4  ft.  above  lU 
that  the  contact  with  the  ^uadratus-chalk  is  quite  a  close  o 
for  we  know  that  both  in  Dorset  and  this  island  the  belem' 
in  question  occurs  only  in  the  extreme  base  of  the  zone 
Actinocamax  quadratus. 

We  now  enter  that  interesting  area  described  by  Mr.  Whit* 
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in    1 865,  and  'quoted  by  Mr.  Jukes-Browne  on  p.  93  of  the  Geo- 
logical Survey   Memoir    on   the    Cretaceous    Rocks,    vol.    iii, 
'*  liere,  in  the  midst  of  the  chalk,  with  layers  of  flint  at  every 
3  or  4  feet,  is  a  space  some  40  or  50  ft.  thick,  with  only  one  thin 
seam  of  tabular  flint,  but  with  four  lines  of  green-coated  nodules 
like    those  of  the  Chalk  Rock,  but  perhaps  of  a  deeper  colour." 
Tliis  area  is  so  remarkable  that  we  propose  to  give   detailed 
^'^ea.surements  of  it,  and  to  show  that  the  lowest  nodule-bed  is  in 
the   J^arsupifeS'bsindf  and  that  the  rest  of  the  area  belongs  to  the 
*^3s^  of  the  zone  of  Actinocamax  quadratus,     Mr.  Jukes- Browne 
(*^.    ^t.  voL  iii,  p.  322),  refers  to  these  nodules  as  being  in  the 
^Pper  part  of  the  zone  of  Micraster  cor-anguinum  ;  but  in  a  foot- 
'^^^t:^  on  the  same  page  he  says  that  they  are  most  probably  in 
tH3.t:  o{  Marsupites, 

It  will  be  remembered  that  at  Ballard  Head  (Part  II,  Dorset, 
P-  3  5),  we  found  two  yellow  nodular  bands.  Fossils  are  so  rare 
■5^  t:biat  crushed  and  altered  chalk  that  it  is  quite  impossible  to 
^^  the  exact  p>osition  of  these  bands,  but  it  is  probable  that  they 
^^^  much  higher  up  in  the  quadra /us-chalk  than  those  at  the 
vJixlver. 


DETAILS    OF    THE    FLINTLESS    AREA    AND    THE 


NODULE    BEDS. 

C-^th.)  Nodule-bed 

Thin  marl-seam  to  nodule-bed  . 

Nodule-bed  to  thin  marl-seam  . 
Card.)  Noduie-bed 

Thin  marl-seam  to  nodule-bed. 

Thin  marl-seam  to  thin  marl-seam    . 

Thin  marl-seam  to  thin  marl-seam   . 

Tabular  flint  band  to  thin  marl>seam 

Tabular  flint  band  to  tabular  flint  band 

Nodule-bed  to  tabular  flint  band 
C^nd.)  Nodule- bed 

Hardened  chalk        .... 
C  X  St.)   Lowest  nodule-bed   .... 


Ft.  In. 
I     6 


Total 


38     3 


Both  below  the  lowest  nodule-bed  and  above  the  highest 
^l5^^ule-bed  there  is  about  10  ft.  of  flintless  chalk,  while  outside 
^^^  area,  both  in  its  upper  and  lower  limits,  the  chalk  is  seamed 
^^li  frequent  courses  of  flint. 

^,^^  To  return  to  the  Afarsupi/es-hand.  We  found  Marsupite 
^'^'tes  on  the  lower  side  of  the  lowest  nodule-bed,  and  we  place 
I  ^^  junction  with  the  quadra/us-chalk  midway  between  the 
^^^■«st  nodule-bed  and  the  one  succeeding  it.     In  the  second 

S^<iule-bed  we  had  the  rare  good  fortune  to  discover  an  example 
^^  -^ciinocamax  granulatus — the  third  only  which  we  have  met 

*^Vi  in  nine  weeks'  work  in  the  Island. 

The  AfarsufifeS'hsind  is,  therefore,  a  flinty  chalk,  save  in  its 
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upper  limit,  and  it  has  in  it  (at  the  Culver  only),  the  lowest 
nodule-bcd.  We  bring  out  these  facts  in  detail,  as  Mr.  Jukes- 
Browne  has  alluded  to  it  as  a  chalk  characterised  by  the  scarcity 
of  flints. 

We  were  quite  satisfied  to  find  a  list  of  only  fifteen  species, 
and  we  offer  no  excuse  for  the  fact  that  the  name-fossil  was  the 
only  one  of  any  zonal  value,  for  our  two  examples  of  Echinocorys 
wore  too  broken  to  determine  their  shape- variation. 

As  for  the  measurement,  we  give  it  for  what  it  is  worth,  seeing 
that  the  lower  limit  is  obscured  by  seaweed.  It  works  out  at 
42  ft.,  as  against  89  ft.  at  Freshwater  and  34^  ft.  at  Scratcheli's 
Bay.  We  have  already  explained  that  we  regard  the  last  measure- 
ment as  the  more  accurate,  so  that  if  we  give  a  thickness  for  the 
whole  zone,  we  obtain  the  following  results : — Culver  ClifT,  95  ft. ; 
Scratcheirs  Bay,  8t  ft.  6  in.;  Freshwater  Bay,  116  ft.  10  in. — 
an  average  of  97  ft.  for  the  zone.  We  distrust  the  Freshwater 
measurement  so  much,  for  reasons  already  given,  that  we  prefer 
to  average  the  first  two  localities,  which  yields  a  total  of  88  ft. 


Zone  of  Actinocamax  quadratus. 

We  have  shown  that  the  second  nodule-bed  contained 
Actinocamax  granuiatus,  and  we  now  note  that  immediately 
above  it  we  found  Cardiaster  pillula,  'i'he  highest  nodule-bed,  or 
rather  series  of  nodule-beds,  runs  out  as  a  projecting  ledge  from 
the  cliff,  and  this  is  the  most  striking  of  the  series  by  reason  of  the 
intensity  of  the  green  colouration.  Masses  of  iron-pyrites  are 
found  in  the  nodules,  and  the  Geological  Survey  records 
Cardi aster  piliuia,  Serpula  //ext/s,  and  Rhynchonella  plUatilis 
for  this  bed.  We  also  found  Cardi  aster  pillnla  in  this  highest 
nodule-bed,  and  so  did  Mr.  Griffith  and  Mr.  Brydone.  An 
account  of  Mr.  William  Hill's  examination  of  these  curious 
nodules  is  seen  on  p.  78  of  the  (Geological  Survey  Memoir  on 
the  Isle  of  Wight. 

From  the  highest  nodule-bed  to  the  north-east  point  of  the 
Eastern  Cliff  the  state  of  the  chalk  is  deplorable,  for,  as  at  Ballard 
Head,  the  water  oozes  from  the  cliff  and  the  surface  is  covered 
with  red  Protococcus  slime.  Toward  the  north-east  point,  where 
a  ledge  runs  out  due  east,  there  are  several  providential  little 
wave-scoured  exposures  at  the  foot  of  the  cliff.  As  we  have 
settled  the  base-line  of  the  zone,  these  surfaces  at  its  upper  limit 
are  most  useful,  for  we  are  able  to  record  Actinocamax  guadratuSy 
Cardiaster  pilluIa,  and  several  of  the  typical  shape-variations  ot 
Echinocorys  scutatus. 

We  adopt  the  ledge,  which  runs  out  due  east,  as  the  position 
for  the  approximate  junction  with  the  Belcmnitella  mucrona/a- 
zone,  as  we  have  no  data  for  a  closer  relationship  than  this. 
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Immediately  we  round  the  comer  and  face  the  Whitecliff  section 
we  find  a  small  fall  rich  in  a  pure  mucronata  fauna,  and  we  can 
see  the  spot  whence  the  fallen  blocks  came.  South  of  this  is  a 
small  area  of  chalk  in  which  we  could  find  no  fossil  whatsoever. 
In  any  case,  the  junction  which  we  give  is  probably  within  10  or 
15  ft.  of  the  actual  thing,  and  that  is  sufficiently  close  in  such  a 
surface  as  this. 

To  have  found  the  three  guide-fossils  to  this  zone  in  this 
inhospitable  section  is  in  the  last  degree  satisfactory,  as  hitherto 
the  evidence  of  the  quadratuS'^2^  in  an  extended  surface  is  ol 
the  most  indefinite  nature.  Dr.  Barrois  merely  states  (pp.  ciLy 
p.  28)  that  the  Craie  ^  B^lemnitelles  is  covered  by  the  Tertiaries 
at  Whitecliff,  and  we  have  no  evidence  in  the  memoir  on  the 
Isle  of  Wight  that  Mr.  Strahan  had  examined  the  section 
from  the  Nostrils  to  Whitecliff.  Mr.  Jukes-Browne  (op,  ciL^ 
vol.  iii,  p.  93)  states  that  Mr.  Griffith  and  Mr.  Brydone  "  have 
found  Act,  quadratus  with  Offaster  pillula  in  the  northern  part  of 
the  Culver  Cliff."  We  wrote  to  Mr.  Griffith  on  the  subject,  as 
evidence  as  to  the  exact  localisation  of  these  fossils  would  be  of 
high  value.  In  a  reply  dated  April  26th,  1905,  Mr.  Griffith  says : 
"  I  have  a  note  that  Cardiaster  pillula  occurs  here  with  bands  of 
green  nodules  which  frequently  enclose  pyrites.  When  we 
examined  the  Culver  Cliff  section  we  knew  nothing  about 
Actinocamax  granulatuSj  and  our  belemnite  may  have  been  of 
that  species.  Unfortunately  I  do  not  know  what  became  of  it. 
Probably  it  was  only  a  fragment,  and  not  thought  worth 
preserving.  We  did  not  fix  the  limits  of  the  zone,  and  there- 
fore I  cannot  say  anything  as  to  the  position  of  the  belemnite 
within  the  zone."  We  discuss  this  matter  in  detail,  as  it 
would  appear  that  Mr.  Jukes-Browne's  assumption  that  the 
^uadra/us-cha\k  exists  at  this  position  is  based  on  the  associa- 
tion of  Cardiaster  pillula  with  an  undetermined  belemnite — an 
association,  moreover,  which  is  not  founded  on  any  measurement 
of  the  zone.  This  belemnite  may  have  come  from  anywhere  in 
the  438  ft.  of  chalk  above  the  lowest  nodule  bed.  That 
Cardiaster  pillula  is  not  a  certain  guide  to  this  zone  in  the 
Island  we  know  to  our  cost,  for  Mr.  W.  Hill  records  it  (op,  cit.^ 
Vol.  iii,  p.  92)  for  the  Marsupites-hTind  at  Downend  Pit,  Arreton, 
and  we  shall  show  that  it  is  by  no  means  an  uncommon  fossil 
from  base  to  top  of  the  mucronata-zxinQ,  We  have  never  found 
'nore  than  solitary  examples  even  in  the  quadratus-chalk  in 
this  island. 

To  define  the  position  of  the  scanty  guide  fossils  in  this  section 
H*e  would  summarise  as  follows  :  Cardiaster  pillula  was  found 
between  the  first  and  second  nodule-bed  (in  ascending  order), 
between  the  second  and  third  nodule-bed,  in  the  fourth  nodule- 
bed,  and  the  highest  record  which  we  have  of  it  was  30  ft.  from 
the  assumed  junction   with   the   mucronata-zone,     Actinocamax 
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granulatus  was  found  in  the  second  nodule-bed,  and  AcHmtama 
guadratus  50  ft.  below  the  junction  with  the  mwronaiavDiL 
Another  belemnite  of  this  group,  too  damaged  for  determintioo, 
was  found  on  a  fallen  block,  and  therefore  we  do  not  use  this  u 
evidence.  Echinocorys  scutatus,  of  the  characteristic  shqiewi* 
tion  of  this  zone,  was  found  only  above  the  nodule-beds.  Tlie 
examples  found  below  were  too  broken  to  give  any  indicatton  of 
horizon.  In  all,  we  collected  five  well-shaped  exampleSi  the 
highest  of  which  was  found  only  a  few  feet  below  the  assumed 
junction  with  the  zone  above. 

Obviously,  our  list  in  this  chalk  will  be  but  small,  andwehm 
to  be  content  with  30  species.  Among  these,  in  addition  to  the 
guide-fossils  already  mentioned,  we  record  the  chaiacteritfic 
columnars  oi  Bourgueticrinus,  Rhynchonelia  reedensis^  RhyndmA 
plicatilisy  and  a  large  example  of  Ccelosmiiia  laxa  from  the  M^ 
est  nodule  bed. 

Taking  the  base  of  the  zone  at  a  point  midway  between  the 
first  and  second  nodule-beds,  and  the  top  at  the  ledge  whkfanmi 
out  due  east  at  the  junction  of  the  Eastern  Cliff  and  the  White 
Cliff,  we  obtain  a  thickness  of  400  fi.  It  will  be  remembend 
that  we  record  a  measurement  of  343  fL  in  Scratchells  BiJ 
(p.  231),  and  when  writing  on  that  section  we  remarked  that  we 
had  expected  to  find  a  greater  thickness  for  the  zone.  Here  ve 
have  one  more  in  harmony  with  our  ideas. 


Zone  of  Belemnitella  mucronata. 

We   now  enter  upon   the  WhiteclifT  section  proper.    Im- 
mediately north  of  the  southern  corner  of  the  bay  we  find  a  «mII 
fall  entirely  in  mucronata-chdWi,     From  this  point  to  the  junckiOD 
with  the  Tertiaries,  the  shore  is  covered  with  fallen  blodcs  ftom 
the  same  zone,  and  this  is  all  the  evidence  that  we  can  have  in 
the  way  of  collecting,  for  the  cliff  above  the  talus  is  grey  with  age 
and    quite   useless   for  this   purpose.      We   only  obtained  30 
species  from  WhiteclifT,  including  the  name-fossil,  and  among 
them  we  mention  an  abundance  of  the  EcMnoconus-X^^  shape- 
variation    of  Echinocorys^   and   two   of  the   large  dome-shaped 
forms,  Saktiia  geometrical   Cidaris  serrata^  Cidaris  subvesiculosa^ 
Aptychus  portlockiy  Serpula  turbinella,  Serpula  canteriata^  Porina 
^iiformis,  and  other  characteristic  bryozoa. 

If  we  examine  the  reefs  at  low  water,  we  see  that  their  north- 
em  edge  stands  high  above  the  sand,  and  is  abruptly  truncated. 
This  is  evidently  the  eroded  surface  which  joined  the  Tertiaries 
before  Whitecliff  Bay  was  carved  out  of  the  softer  Eocene  rocks  : 
for  if  we  look  shoreward  along  the  outer  edge  of  the  reef,  the 
eye  is  carried  straight  to  the  Tertiary  junction  in  the  cliff.  Clearly, 
then,  our  best  chance  to  obtain  a  measurement  of  the  mucronata- 


i 


WHITB  CHALK  OF  THB  INGUSH  COAST.  849 

be  to  tike  a  line  across  the  reefs  to  the  ledge  which  we 
1  as  the  junction  of  this  zone  with  that  of  A^'natamax 
.  This  gives  it  a  measurement,  corrected  for  diff,  of 
\t  the  western  end  of  the  island  Mr.  Westlake  obtained 
sment  of  475  ft,  and  a  glance  at  our  map  will  show  how 
and  how  uneven  has  b«en  the  pre-Tertiary  erosion  of 
dl  along  the  northern  side  of  the  Chalk  Ridge.  There 
g,  therefore,  to  occasion  surprise  that  this  eastern 
lent  falls  so  far  short  of  that  recorded  at  the  western 
t  Island. 

BNERAL  Description  of  the  Chalk  Ridge. 

have  before  indicated  in  the  introduction  to  this  paper 

dips  at  a  very  high  angle  in  the  eastern  and  western 
he  Chalk  Ridge,  so  that  from  the  Needles  to  Mottistone 

the  one  hanc^  and  from  the  Culver  to  Carisbrooke  on 
,  when  the  chalk  is  nearly  vertical,   the  ridge  often 
barely  a  quarter  of  a  mile  in  thickness, 
^tnd  Mass  measures  four  miles  in  length  and  three  in 
and  the  widening  out  of  the  Ridge  at  this  point  is 

the  fact  that,  in  addition  to  the  bend  in  the 
le  lower  beds  of  the  chalk  are  dipping  at  much 
^les  than  in  the  eastern  and  western  limbs.  It  will  be 
noreover,  that  the  inclination  of  the  beds  throughout 
e  of  the  Chalk  Ridge  invariably  increases  in  direct 
n  as  we  ascend  the  zones,  so  that  the  higher  beds,  at 
ion  with  the  Tertiaries,  are  often  nearly  vertical,  even 
ntral  Mass. 

The  Pits  of  the  Chalk  Ridge. 

ive  examined  200  quarries  in  all,  and  have  visited  ever}* 
ng  or  disused,  marked  on  the  6-inch  map,  as  well  as  a 
>  indicated.  Of  these,  1 08  are  quarries  or  road-sections 
re  some  surface,  however  small  and  badly  exposed,  and 
)tal  we  have  failed  to  arrive  at  a  definite  conclusion, 
purely  zoological  evidence,  in  five  only.  These  are  the 
bered  31,  45,  64,  90  and  96,  and  they  nearly  all 
rfaces  so  small  and  ill-exposed  that  it  is  liitle  wonder  that 
ded  a   negative  result.     The  remainder  were  grassed 

the  large  number  of  disused  quarries,  not  a  few  with 
ns,  are  eloquent  of  an  industry  abandoned  and  of  altered 
of  agriculture.  Even  in  the  eastern  and  western  limbs 
Ige,  either  right  on  the  junction  with  the  heavy  Tertiary 
;he  north,  or  on  the  light  loams  of  the  Greensand  on  the 

would  sometimes  pass  six  or  seven  large  abandoned 
n  succession.     It  is  not  that  the  quarries  are  inaccessible 
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or  rendered  useless  by  heavy  and  distant  haulage,  for  they  ai 
right  on  the  spot  where  they  are  needed — the  pure  chalk  to  brea 
up  the  heavy  Tertiary  clays,  and  the  more  clayey  beds  of  th 
Grey  Chalk  to  stiffen  the  light  loams  of  the  Greensand.  Immen 
quantities  of  chalk  have  been  quarried  for  agricultural  purpos 
in  the  past,  and  one  can  only  draw   the  conclusion   that  t 
farmers  consider  that  their  lands  have  been  sufficiently  limed, 
that  they  prefer  the  use  of  modern  artificial  manures. 

The  same  thing  occurs  in  Lincolnshire  where  we  have  b^ 
recently  working,  for  the  edges  of  the  wolds  are  dotted  over  w^ 
disused  quarries,  and  every  sheet  of  the  6-inch  map  sh(= 
numbers  of  shallow  excavations,  often  in  the  middle  of  each  fi^ 
where  the  chalk  has  been  quarried  on  the  spot,  and  the  depress-  z 
then  ploughed  over  when  sufficient  material  had  been  extract 
We  are  told  by  Mr.  C.  S.  Carter  that  in  this  county,  around  ] 
Louth  area,  extensive  marling  was  done  forty  years  ago,  and  t' 
since  then  the  farmers  have  not  thought  it  necessary  to  renew 
process. 

Very  few  of  the  higher  levels  of  the  Downs  in  this  island 
cultivated,  as   the  natural  turf  is  used  for  sheep  grazing,     1 
occasionally  they  are  laid  down  in  grass  for  cattle,  and  it  is  tl 
that  we  sometimes  get  a  small  pit  used  for  the  purpose  of  putt 
lime  on  the  grass. 

It  must  be  understood  that  the  state  of  the  pits  her 
mentioned  refers  to  their  condition  between  the  autumn  of  1  ^ 
and  the  spring  of  1906.  We  mention  this  because  quarries  wl^ 
were  once  known  to  be  rich  in  fossils  are  now  grassed  over,  ^ 
discarded  pits  are  occasionally  reopened  and  fresh  exposv 
afforded.  When  we  find  an  exposure  which  is  not  mentioned 
the  6-inch  map  (revised  in  1896)  we  record  the  fact. 

It  may  be  said  at  once  that  the  inland  exposures  are  singula 
barren  and  uninteresting,  and  we  imagine  that  few  collectors 
think  it  worth  their  while  to  examine  them.     We  know  thatt 
chalk  pits,  even  in  soft  and  horizontal  chalk,  yield  a  comparati'^ 
poor  list  of  fossils,  owing  to  the  indifferent  weathering  of" 
surface,  and  that  it  is  only  by  the  assistance  of  the  quarry «" 
that  we  can  hope  to  get  a  useful  series   of  sf)ecimens.     In 
whole  island  we  only  remember  five  quarries  (Nos.  20,  37»  5  ^  ' 
and  104),  which  have  a  well-weathered  surface,  and  only  s^ 
which  were  continuously  worked  (Nos.  27,  38,  49,  50,  51, 
and  105),  while  in  only  two  of  them  (Nos.  49  and  51)  do 
workmen  think  it  worth  while  to  preserve  the  fossils  which  * 
find.     Curiously  enough,  the  four  quarries  above  mentioned 
all  cut  in  the  same  horizon,  namely,  the  upper  beds  of  the  gr^^ 
chalk  and  the  lower  ones  of  Holaster  planus^  save  No.  104,  ^^ 
exhibits  the  zone  of  Rhynchonella  cuvieri.     The  hard  and  no<* 
nature  of  the  chalk  of  this  level  probably  accounts  for  this. 

A  reference  to  the  maps  will  show  how  few  pits  there  zX^ 


WHITK  CHALK  OF  THE   ENGUSH   COAST.  25 1 

the  crests  or  higher  levels  of  the  Downs,  the  bulk  of  them  being 
liewn  in  the  northern  and  southern  flanks,  where  they  are  readily 
3.ccessible  for  marling  and  for  mending  farm  roads.  This  at 
once  accounts  for  the  great  preponderance  of  the  pits  in  the  zones 
of  Hhynchonella  cuvieri  and  Belemnitella  mucronata^  and  the 
small  number  referred  to  the  zones  of  Micraster  cor-testudinarium^ 
^.^Muraster  cor-anguinum  and  Marsupites  testudinarius. 

With  the  exceptions  already  mentioned,  the  surface  of  the 

s.  ndurated  chalk  breaks  up  into  platy  masses  and  becomes  grey 

<^nd  lichen-covered,  instead  of  weathering  with  a  clean  surface ; 

^tili  by  dint  of  diligent  search,  and  by  breaking  up  blocks  with 

^he  hammer,  we  can  generally  get  some  zonal  evidence  even  in 

'^hese  unpromising  exposures.     Our  time  has  been  too  limited  to 

^^nable  us  to  do  more  than  merely  zone  the  pits,  and  it  must  be 

:K-eally  a  good  surface  which  tempts  us  to  make  a  long  list  of  fossils. 

Each  pit  which  we  discuss  is  numbered  and  marked  with  a 

corresponding  number  on  the  map.     As  in  the  paper  on  the 

mam  borough  area,  we  place  the  contour- line,  when  it  is  given, 

^y  the  side  of  the  number  of  pit,  and  the  letters  indicating  the 

.^one  beneath   them,  together  with  the  sheet  on  our  maps  on 

"^frhich  the  individual  pits  will  be  found.     It  will  be  noticed  that 

"^he  pits  do  not  run  in  consecutive  numbers,  but  that  they  are 

'^aken  more  for  geographical  convenience  and  the  ease  with  which 

'^hey  could  be  reached  from  any  given  point  at  which  we  were 

^^rorking. 

The  most  difficult  sections  to  zone  are  those  in  the  beds  of 
^^dinocamax  quadratus  and  Micraster  cor-an'^uinutn.     The  latter 
is   always   a   colourless   zone   and   the    former   is    here  equally 
uninteresting.     In  the  case  of  the  Micraster  cor-aw^inum  beds 
"we    have   only   the    name-fossil,    the   zonal    shape-vanation    of 
JEchinocorySy  and  possibly  Echinoconus  vul\raris  to  guide  us.     In 
the  latter  zone  we  have   found  one  fossil,  and  that,  curiously 
enough,  one  of  great  vertical  range  and  fre(|uent  occurrence,  of 
service  in  the  field,  and  that  is  Inocerainus  cuvieri.     The  pits  are 
often  quarried  along  the  bedding  planes,  and  in  this  zone  we 
find  great  sheets  of  this  lamellibranch  coating  the  bedding-planes. 
We  regard  this  as  a  distinctly  useful  local  obser\'ation.     If  there 
be  one  fossil  which  we  do  not  expect  to  find  in  (juarries  in  the 
quadratus^^a}^  it  is  the  name  fossil.     On  the  coast  it  is  rare 
enough,  but  inland  it  is  a  veritable  museum  curiosity.     Unfor- 
tunately, Cardiaster  piliula  is  not  rigidly  confined  to  its  zone  in 
the    Island,   so   we   have    to   fall    back   on    the    zonal    shape- 
variation  of  Echinocorys  saitatus,  and  this  rarely  fails  us. 

Throughout  the  whole  of  the  northern  surface  of  the  Downs, 
most  of  the  pits  at  the  junction  with  the  Tertiaries  are  naturally 
in  the  zone  of  Belemnitella  mucronata.  Here  again  the  name- 
fossil,  as  in  the  Chalk  Ridge  in  Dorset,  is  strangely  rare,  and 
many  exposures  in  these  beds  have  to  b>e  zoned  without  its  aid. 
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With  Afagas  pumilus  very  inconstant  in  its  occurrence,  and 
Crania  costata  and  Kingena  lima  notably  rare,  we  were  again  forced 
to  adopt  Echinocorys  as  our  only  reliable  guide.  Fortunately,  it  is 
generally  abundant,  and  the  small  zorial  shape  -  variation, 
resembling  Echinoconus  conicus  in  outline,  rarely  fails  us,  and  we 
are  quite  content  to  accept  it  as  a  safe  index  to  the  zone. 

Another  zone  which  is  somewhat  difficult  to  determine  is 
that  of  TerebratuUna  gracilis.  When  a  surface  is  well  weathered 
there  is  nothing  easier  to  find  than  the  name-fossil ;  but  in  chalk 
such  as  this  the  task  is  indeed  difficult.  However,  as  the  only 
other  flintless  chalk  is  that  of  Ehynchonella  cuvieri^  and  as 
Inoceramus  mytiloides  is  readily  detected  in  quarries,  there  is  not 
much  difficulty,  by  a  process  of  diagnosis  by  exclusion,  in 
arriving  at  a  satisfactory  result. 

Marsupites  and  Uintacrinus  are  also  by  no  means  easy  to  see 
in  this  weather-stained  chalk  and  require  diligent  search.  The 
only  zones  which  are  really  easy  to  determine  are  those  of 
HolasUr  planus^  Micraster  cor-testudinarium^  Rhynchonella 
cuvieri  and  Belemniielia  mucronaia — the  two  former  chiefly  on 
account  of  the  facility  offered  by  Micraster  for  rapid  and  certain 
definition  ;  the  third  from  the  abundance  of  Inoceramus  mytiloides 
and  the  ease  with  which  it  shells-out  in  quarries ;  and  the  fourth 
by  reason  of  the  almost  constant  occurrence  of  the  small  conical 
shape-variation  of  Echinocorys,  However,  at  the  risk  of  reitera- 
tion, we  would  say  of  the  last  that  without  this  urchin  it  would 
often  be  impossible  to  separate  the  zones  of  Belemnitelia 
mucronata  and  Actinocamax  quadratus. 

Abbreviations  of  Zonal  Titles  used  in  the  text  and  maps. 

=  Belemnitelia  mucronata. 

=  Actinocamax  quadratus. 

=  The  sub-zones  of  Marsupites  and  Uintacrinus  of 

the  Marsupites-zont. 

=  Aficraster  cor-anguinum. 

=  Micraster  cor-testudinarium, 

=  Holaster  planus. 

—  TerebratuUna  gracilis, 
=  Rhynchonella  cuvieri, 

—  Actinocamax  plenus. 
=  Holaster  suhglobosus, 
=  Chalk  Marl. 

Chalk  Ridge — The  Needles  to  Shalcombi^ 

Sheets  of  6-inch  Ordnance  Surveys  93  S.E.  ni^.    d'    .'Of  our  map 

<  9.^  S.W  ^^^'^  ^'    \  ^ 

There  are  two  places  in  the  Island  which  can  be  used 
convenient    centres   for    working    both    the   inland  and 
exposures,  and  one  for  the  Central   Mass  alone.     They  a- 
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'^spectively,    Freshwater    Gate,    Sandown,    and    Carisbrooke. 

^*x>m  the  first  we  can  work  on  foot  the  western  coast  and  the 

'Western  limb  of  the  Chalk  Ridge  as  far  as  Shalcombe ;  from  the 

^^cond  we  can  examine  the  eastern  cliffs  and  the  eastern  limb 

^f  the  Chalk  Ridge  as  far  as  Shide  ;  whilst  from  the  last  we  can 

^^lore  the  whole  of  the  Central  Mass.   In  the  case  of  the  two  latter 

^^visions  the  railway  can   be  used   to  save  time.     Therefore, 

instead  of  taking  the  pits  in  a  continuous  line  across  the  island, 

^G   shall  break  the   Downs  up  into  sections,   which    can   be 

^^nveniently  worked  from  the  three  given  points,  each  in  the 

bourse  of  a  single  day. 

West  High  Down   and  East   High   Down. 

.  We  have  pointed  out  that  there  are  qo  quarries  on  the  south 
^><ie  of  High  Down,  and  that  those  mentioned  by  Mr.  Jukes-Browne 
'^-  «/.,  vol.  iii,  p.  91)  are  not  pits,  but  little  adventitious 
^^Posures  along  the  edge  of  the  cliff. 

Mr.  Charles  Griffith  tells  us  that  two  examples  of  Magas 
-^^^niius  were  found  in  a  pit  opposite  the  old  Needles  Hotel,  and 
^^o  in  another  pit  a  little  to  the  westward.  Both  these  quarries 
^'"^  now  grassed-over,  and  we  gladly  record  them  so  as  to  preserve 
'nforniation  which  might  otherwise  be  lost. 

Nearly  all  the  pits  between  Alum  Bay  and  Freshwater  are  cut 
JJ  the  zone  of  BeUmnitella  mucronata^  but  one  of  them,  namely, 
^^-  10,  showed  in  addition  a  surface  of  quadratus-K^^  at  the 
^^^k   of  the  quarry,  and  another,  No.  11,  was  almost  certainly 

..        We  can  give  no  contour-lines  at   the  eastern  and   western 
^•nriits  of  the  Chalk    Ridge   as,  for   military  reasons,  none   are 
f^^rited  on  the  6-in.  maps. 
p|^  j^    J-  A  poor  exposure,  south  of  Alum  Bay  house, 

L  •  "^J      This  pit  must  be  close  to  the  junction  with  the 
^**^^  ^ratuS'ZOViQ, 

^\^    A    ^     o  A  pit  of  good  size,  south  of  Nodewell.     We  here 

r  5       V       ^ound  BeUmnitella  tnucronatay  several  of  the  small 

^    '      J        pyramidal    shape- variation     of    Echinocorys^    Irto- 

^^'^^^us  of  a  form  unknown  to  us,  but  fully  characteristic  of  the 

i^^^^)  both  here  and  at  Salisbury,  and  the  large  Ccelosmilia  laxa, 

*^is  quarry  appears  to  be  wholly  in  this  zone. 
t^l.  u?\     M  ^  small  pit  with  very  poor  exposure,  south  of 

CB  T  ^  '^^  Briary,  and  wholly  in  mucronata-ch.2L\\iy  chiefly 
,^,  .  "  "^'J  remarkable  as  being  one  of  the  few  exposures 
;^^  *^^h  yielded  Magas  pumilus.  We  also  collected  Belemniiella 
p^l^^^^nata,  the  Inoceramus  characteristic  of  the  zone,  Tere- 
^^-^j  ^^ia  carnea,  and  Pecten  cretosus.  The  shells  are  reddish  in 
^Ur,  as  is  often  the  case  in  this  zone. 
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p.  .    ^  A  large  but  ill^xposed  pit,  yielding  Btitm- 

Fr  a      i  "'^^^^''   mucronata  at    the    northern   end,   Ptcten 

L   ■  '  I'J  ^iangti£€ostafus  and  Ostrea  veucularis^     The  back 

of  the  pit  is  very  barren,  and  gave  us  only  two  examples  of 
^f^f»^i?ryjofthe  shape  variation  indicative  ofthe^mo^nz^io^'zonep 
Moreover,  the  shells  of  the  back  of  the  pit  were  white,  while 
those  from  the  front  were  tinged  with  red — a  useful  distinction 
between  these  zones  in  the  field.  We  consider  that  the  zonal 
junction  passes  through  the  back  of  this  pit, 
p.  ^    1^  A  pit  of  medium  size,  with  poor  surface,  south 

'  r  i  1  ^^  Farringford  House.  The  shells  are  of  a  white 
^  ^'^  colour.  With  the  exception  of  two  examples  of 
Echinocorys  of  quadrat  us  type,  we  found  only  Spondy/us  latus 
and  Ostrta  vtsiadaris.  We  believe  that  this  section  is  entirely 
in  the  ^r/adra/t/s-zoner  and,  there fore^  that  the  zone  of  Se/em* 
niteiia  ffiucranata  has  been  completely  denuded  at  this  point — a 
point,  be  it  noted,  but  two  miles  from  Alum  Bay. 


Aftofi  Down. 

p.    A    ^  There  are  here  two  pits  adjoining  one  another 


[B.  m.] 


and  belonging  to  the  Waterworks,  and  in  the  southern 
one  the  engineer's  house  is  situated.  We  deal  with 
thisfirst»  The  section  is  of  high  interest  in  that  it  is  the  only  one 
with  which  we  are  acquainted  where  an  example  of  Aciinotama^x 
quadraius  has  been  found  at  a  higher  level  than  the  lowest  examples 
o^ BfkniHikila  mucronaiij^  both  the  belemnites  being  found  in  jiVtL 
Mr.  Jukes-Browne  {op.  at.  p.  93)  mentions  this  pit,  on  the 
evidence  obtained  from  Mr.  Griffith  and  Mr  Brydone,  but 
includes  it  under  the  heading  of  Aciinocamax  quadrahn  alone, 
whereas  the  whole  of  the  northern  pit  (No.  a),  and  almost 
certainly  the  whole  of  the  southern  pit  (No,  i)  are  cut  in 
mucronata-c\\d^.  On  writing  to  Mn  Griffith  and  Mr.  Brydone 
we  have  ascertained  that  they  found  a  single  example  of 
Aciin&€aniax  quadra f us  and  many  of  Btltmniteila  mucronata  in 
the  southern  pit  (No.  i),  but  that  they  have  no  recollection  of 
the  relative  position  of  the  belemnites.  Our  own  data  are  as 
follow.  In  the  autumn  of  1904  we  visited  this  pit  accompanied 
by  Mr.  Ernest  ^  Vest  lake,  vvhen  we  found  the  chalk  very  badly 
exposed,  especially  on  the  southern  side.  Mr.  West  lake  found 
an  example  of  Actinocamax  t/ttadratus  a  little  south  of  the 
middle  of  the  pit.  We  searched  diligently  in  the  southern  half 
of  the  pit  and  the  only  fossils  which  we  could  find  were  a 
completely  crushed  example  of  Bckinocarys  and  Rhynchaneila 
limifata.  All  that  we  can  say  of  the  former  is  that  it  was  too 
large  to  be  an  example  of  the  small  pyramidal  shape- variation 
characteristic  of  the  highest  r,one  ;  and  as  for  the  brachiopod,  that 


.  1 
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is  common  in  both  zones.  In  the  northern  half  of  the 
-■-a-riy  we  collected  several  examples  of  BeUmnitella  mucronata^ 
f^j^4i5  pumilus^  two  examples  of  the  small  pyramidal  EchinocorySy 
^^^^ifratula  camea^  Rhynchonella  plicatilis^  and  Porina  fiii/ormis, 
*n  this  evidence  we  placed  the  junction-line  between  the 
^43u:dratu5  and  mucronata-zone!^  at  the  middle  of  the  southern 
it:    CNo  i). 

In  the  spring  of  1906  we  again  visited  this  section,  as  we  felt 
"^slX,  the  evidence  obtained  before  was  not  conclusive.  We  found 
z\SLt,  the  quarry  had  been  worked  in  the  interval,  and  that  the 
o\it;hern  wall  was  not  only  more  accessible,  but  that  it  had  been 
-lit  farther  back  to  the  south.  In  the  southern  wall  we  found 
-"WTO  examples  of  BeUmnitella  mucronatay  and  south  of  the  middle 
of  the  pit  an  imperfect  Echinocorys  of  great  size  and  with  very 
thick  test,  together  with  a  very  large  ossicle  of  Pycnaster  an»u5- 
tat  lis. 

It  would  seem,  therefore,  that  we  here  have  an  instance  of 
^ctinocamax  quadratus  mingling  with  a  basal  mucronata  fauna, 
^^at  these  two  belemnites  may  be  closely  associated  we  know 
^romour  experience  in  Arish  Mell  (Fart  2,  Dorset,  p.  27)  where 
^e  found  in  situ  an  example  of  Actinocamax  quadratus  a  few  feet 
^low  one  of  BeUmnitella  mucronata^  with  Cardiaster  pillula  be- 
tween them. 

We  have  no  choice  but  to  place  the  whole  of  this  southern 
pit  (No.  i)  in  the  mucromita-zovM^,  and  it  is  reasonable  to  suppose 
that  there  may  be  even  a  small  thickness  of  mucronata-chdWi 
south  of  the  southern  wall.  It  will  be  interesting  to  watch  the 
result  of  further  excavations  on  the  seaward  side  of  this  quarry, 
for  in  course  of  time  we  may  be  able  to  obtain  a  more  definite 
knowledge  of  the  junction  between  these  two  zones. 

The  section  is  also  of  interest  from  the  fact  that  we  can  take 
a  measurement  from  its  southern  wall  to  the  point  on  the  cliff 
where  we  obtain  a  junction  between  the  zones  of  Actinocamax 
quadratus  and  Marsupites  testudinarius^  thereby  acquiring  an 
idea  of  the  thickness  of  the  quadratus-chdWa  at  this  point  of  the 
coast.  The  situation  of  the  pits  is  marked  on  PI.  XXI,  and  the 
.subject  further  discussed  from  the  point  of  view  of  measurement 
on  p.  287. 

pj    .       p.  The  pumping-house  stands  in  this  pit,  and  the 

PR      ^1^    exposure  is  very  poor.     The  Engineer  tells  us  that 
'-    '     '^      many  belemnites  were  found  when  they  were  digging 
the   shaft.     In  addition  to  the  belemnite  we   collected  several 
examples  of  Magas  pumilus.     The  junction  with  the  Tertiaries 
is  seen  in  the  northern  side  of  the  pit. 

PI   B     No  ^         There  are  no  openings  on  the  southern  side  of 
r\      V  ^'  Afton  Down,  so  we  take  the  northern  side,  and 


[A.  q.] 


600  yards  east  of  the  Waterworks  pits  we   find 


a  small  quany  with  a  good  exposure.     This  section  left  us  in  no 
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doubt  as  to  the  horizon,  for  we  found  there  six  examples 
Echinocorys  of  the  shape-variation  characteristic  of  the  quadrat 
zone,    Cardiaster  piiluia^   and    one    example   of   Actinocan 
quadraius.     In  addition  we  collected  the  characteristic  column 
of  Bmirgueticrinus^  Pecten  quinquecostatus  and  Ostrea  vcsicula  -.         

The  whole  of  the  fnucronaia<^\7i^  has  been  denuded  here,  ^am^-m^^ 
the  position  of  this  section  gives  us  a  useful  line  for  the  uj^  jp^^. 
lirpit  of  the  quadratuszon^  in  connection  with  the  southern  ^^i</e 
of  Pit  No.  I.     We  have  also  a  valuable  indication  of  the  Ic^-^wer 
limit  of  this  zone  in  the  position  of  the  Reservoir  on  the  <Z^olf 
Links,  for  at  the  time  of  our  visit  in  1904,  the  chalk  from       x,'ht 
excavation  was  sufficiently  recent  still  to  have  a  good  surface    for 
examination   (PL   XXI).     Amongst  other  fossils   we   coll&c^ted 
here  the  shape-variation  of  Echinocorys  characteristic  of  this  z^one 
and  Cardiaster  pillula, 

PI  T>     j^  A  disused  quarry  with  a  poor  surface  at     the 

'  r\       -J*  "*•  top  and  a  steep  talus  of  chalk,  black  with     sige. 

^    •  ^'J       Among  a  list  of  ten  species  we  note  Cardt€M^ttr 
fillula^  Crania  egnabergensis  and  Serpula  turbinella.     There   ^^an 
be  little  doubt  that  this  deep  working  falls  well  within  the  liranits 
of  the  quadratus<^2i}^i. 
PI  B     No  6  ^^^^  ^^  ^  fair-sized  pit  with  good  surface,  so"«ith 

FB   m  1       ^^  Newbarn,  and  clearly  in  the  mucronata-zo  ^c- 

L    •       'J         T'ht*  hnrk  nf  thp  nit  is  v^rv  nf»flr  thp   iiinrHr>n  i^i^lth 


The  back  of  the  pit  is  very  near  the  junction 
the  quadratus-zonty  but  it  yielded  a  pure  mucronata  fai^  ^"^ 
including  eight  examples  of  Belemnitella  mucronata^  three  of  '^^^ 
small  pyramidal  Echinocorys^  Fecten  campaniensis^  Spondy^^^^ 
spinosuSy  and  Terebratulina  striata. 


Shalcombe  Down. 

PI  B    No  izi  '^^^^  ^^  ^^  %'^^'aX  quarry  south-west  of  the  po^^^  ^ 

j-Tj*       .A      1  ^"  ^^  ^"°^^  ^^      '^  ^^^  ^^  Shalcombe.     There  is  ^^ 

I  .  m. .  .  q.j  j^jj^g^  YAxi  here  and  the  upper  level  of  the  pit  ^^ 
no  longer  worked,  but  quarrying  is  still  carried  on  in  the  southed  -^t 
and  south-western  corners.  The  southern  face  left  us  in  no  dout^  ^ 
as  to  the  age  of  the  chalk  in  that  situation,  for  from  a  list  ^ 

eighteen    species    we   quote   the    quadraius    shape- variation  ^  _^^^^ 
Echinocorys^    two    examples     of     Cardiaster    pillula^     Cranio- ^^^^ 
egnabergensis^    Rhynchonella    reedensis,    Rhynchonella   plicatilm 
Septifer    lineatuSy    and    Coslosmilia   laxa.     We    did    not    fir 
Actinocamax  quadratus.     Some  40  ft.  of  this  chalk  is  expose 
and  the  shells  contained  therein  are  of  a  white  colour.     Abo^^ 
15  ft.  above  the  belt  of  chalk  containing  the  last  fossils  belongin 
to  the  quadratuS'Zont  we  found  Belemnitella  mucronata  and  tl 
small    pyramidal   shape-variation   of    Echinocorys,     Dr.    Bar 
records  Magas  pumilus  for  this  quarry,  but  though  we  visit*^ 
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tie  pit  twice  we  were  unsuccessful  in  our  search.  It  probably 
occurred  in  the  northern  end  of  the  section  which  is  now 
obliterated. 

Dr.  fiarrois  (op,  cit.  p.  27),  Mr.  Jukes- Browne  (op,  cit,  vol.  iii, 
^'  93)1  and  Mr.  Strahan  (op,  cit,  p.  93)  mention  this  quarry,  but 
lone  of  them  appear  to  have  noticed  the  presence  of  quadratus- 
:^lk.  The  two  latter  merely  quote  the  former,  but  Mr.  Strahan 
in  addition  propounds  the  novel  idea  that  "  in  the  upper  part  of 
^he  lower  zone  (that  of  B,  quadrata),  Magas  pumilus  is 
abundant."  We  can  only  say  that  we  have  yet  to  see  it  in  that 
position,  and  we  cannot  help  thinking  that  the  statement  is  due 
^o  a  mistranslation  of  Dr.  Barrois'  text. 

PL  B    N  ^^    "°^    follow    the   road    in    a   southernly 

FH  d-T    -R     i  direction  and  arrive  at  the  fine  quarry  south-east  of 

-P-  -g-  .  .J  Y\s^  Barrows,  where  we  find  a  good  exposure  in 
^he  zones  of  Rhynchonella  cuvieriy  Terebratulina  gracilis  and 
-^oiasUr  planus  in  their  ascending  order  as  we  pass  from  the 
^uthern  to  the  northern  end  of  the  pit.  We  here  see  the 
^1  spurious  Chalk  Rock,"  followed  at  the  usual  distance  by  the 
'black  marl-band"  and  the  "grey  marl-band."  Between  the 
**^er  and  the  first  course  of  flints  we  find  the  ^^Bicavea-h^d,"  though 
^pe  br}*ozoon  was  not  abundant.  We  obtained  a  characteristic 
p^  of  fossils  from  each  zone,  and  even  without  the  salient  litho- 
^?8ical  features  just  mentioned  we  could  readily  have  zoned  the 
?'^  from  the  fossils  alone.  This  quarry  is  mentioned  by  Mr. 
^^i^han  (op.  cit.  p.  83)  and  by  Mr.  Jukes-Browne  (op.  cit,  vol.  iii, 
*•  90).  The  former  gives  details  of  measurement,  but  no 
^^logical  data. 

A  brief  search  rewarded  us  by  finding  the  curious  siliceous  nodules 
^^J^tioned  in  the  Compton  Bay  section  of  this  paper  (p.  218). 
I,  ^    *^  Following  the  foot  of  the  Down  to  the  west  we 

P'r  1  come  to  an  exposure  of  considerable  extent  but 
,  *-  '  J  with  a  poor  surface  for  collecting.  We  here  found 
^ynchonella  cuvieri  and  an  abundance  of  Jnoceramus  mytiloideSy 
'  ^"e  have  no  hesitation  in  referring  the  pit  to  the  zone  of 
^y^fchonelhi  cuvieri.  We  found  no  zoological  evidence  of  a 
''^Uict  with  the  graci/is-bcds. 

T'he  southern  sides  of  Wellow  and  Tapnell  Downs  contain 

c^uarries,  and  we  see  no  more  openings  until  we  reach  the 
^^hern  foot  of  Compton  Down,  north  of  Compton  Chine,  where 
"  find  a  small  exposure  in  the  zone  of  Holaster  subgiobosus^  and 
^ther  a  little  farther  west,  on  the  north  side  of  the  Military 
■^^^,  also  in  the  same  zone.  The  northern  end  of  this  pit 
^Mrs  a  patch  of  chalk  belonging  to  the  zone  of  Rhytichonelia 
^^^ri. 

I^he  Shalcombe  sections  admirably  illustrate  the  structure  of 
"  ^halk  Ridge,  taking  us  from  the  zone  of  Rhynchontlla  cuvieri 
^lle  south  through  Terebratulina  gracilis  and  Holaster  planus  to 
"^^^r.  Geol.  Assoc,  Vol.  XX,  Pakt  4,  1908.]  19 
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Actinocamax  quadratus  and  BeUmnitella  mucronata  on  the  no 
All  that  is  wanted  is  a  quarry  intermediate  between  Nos.  13 
14  to  complete  the  zonal  picture.     This  brings  to  a  close 
examination  of  the  quarries  in  the  western  end  of  the  Chalk  R' 
in  the  autumn  of  1904. 

The  Eastern  Chalk  Ridge;    Culver  Cliff  to 
Arreton  Down. 


lof< 


Plate  F. 

Plate  E.   \  of  our  Map. 

Plate  D. 


6  inch  Ordnance  Maps. 


96  S.E. 
96  S.W. 
96N.W. 
95  N.E. 
95  N.W. 


Bembridge  Down. 


In  the  spring  of  1905  we  visited  the  eastern  end  of  the  isia 
taking  Sandown  as  a  convenient  centre,  and  we  now  give  a  lisl 
exposures   on   either  side  of  the  Chalk  Ridge  extending  fr 
Bembridge  Down  to  Arreton  Down,  leaving  the  Central  Mass 
be  dealt  with  in  the  autumn  of  the  same  year. 
PI  F    No  16         ^  ^^^^  exposure  in  the  zone  of  Rhynchom 
PR  ci         cuvieri   with   the    name-fossil    and    Ifwcerat 
'-   '     J        mytiloides  both  in  evidence. 
Following  the  line  of  the  foot  of  the  Down  in  a  north-west 
direction  we  reach  a  pit  the  east  side  of  the  road  leading 
Yarbridge. 

PI  F  No  to  ^^^^  ^^  ^"^  ^  small  and  poor  exposure.  I 
ri  '  p  '  ^^'  useful,  however,  as  being  in  one  of  the  rarer  ir 
^  '    *-'     mediate  zones,  situated  as  it  is  in  the  middk 

the  ridge.  We  only  found  ten  species  here,  but  among  them 
the  base  oi  Micr aster  pracursor  of  the  form  found  at  the  bas< 
the  zone  of  Aficraster  cor-angumum^  together  with  Cyphos^ 
coroUare  and  a  perfect  test  of  Cidaris  hirudo  with  some  sp 
attached.  The  Micraster  is  one  the  passage-forms  in  which 
merely  granulated  condition  of  the  periplastronal  area,  cha 
teristic  of  the  zone  of  Micraster  cortesiudinarium^  begins  to  1 
on  a  mammilated  appearance  as  it  ranges  up  into  the  base  of 
zone  immediately  above.  It  is  for  this  reason  that  we  place 
little  pit  in  the  base  of  the  zone  of  Micraster  cor-anguinum, 
Barrois  {op.  cit.  p.  24)  refers  this  section  to  the  zone  of  Micrc 
cortestudinarium,  and  Mr.  Strahan  takes  the  same  view  {op, 
p.  92). 

PI  F    No  ±0         ^^  ^^^  western  side  of  the  road,  hidden  \ 
fA  n  •  M  •  I J  1  ^^^  hedge,  we  find  another  exposure,  also  in 

*■     ^ -'  middle  of  the  Down,  which  promised  to  b 

interest  if  only  from  its  position  in  the  ridge.     It  is  a  pi 
moderate  size^  no  longer  worked,  and  a  shed  stands  in  it. 
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surface  is  fairly  weathered,  and  it  is  easy  of  access  as  a  path  runs 
round  it  on  the  top  of  the  talus. 

The  north-western   corner  of  the  pit  consists  merely  of  a 
pass  slope  with   little    patches   of   chalk   emerging  here   and 
there.     There  are  very  few   flints   here,   thus  reminding  one 
?fthe  flintless   area  of  chalk    in    the   Southern   Cliff  of  the 
Culver  at  the  junction  of  the  zone  of  Marsupites  tesiudinarius 
jnd  Actinocamax    guadratus,    where    the   remarkable   nodular 
"^ds  exist.     We    found,  however,  only  one    nodule-bed  with 
peen  nodules  in   it,   and  below  *  it   we  collected  the  gibbous 
lonn  of  EcMnocorys  scutatus  and  one  example  of  Actinocamax 
K^onulaius.    Passing  thence  towards  the  centre  we  find  a  series 
?' plates  ^{Marsupites  extending  over  a  face  of  chalk  some  60  ft. 
•n  thickness ;  while,  beyond  this  point,  at  the  south-eastern  end  of 
"^  section,  we   obtained   brachials  of    Uintacrinus^   Micraster 
'''^^^inum  and  Echinoconus  vulgaris.     The  surface  is  so  over- 
Y^^fXi  on  the  northern  side  of  the  pit  that  we  consider  ourselves 
jl^'^ate  -to  have  found  one  nodule-bed  and  some  zonal  fossils. 
Uiay  be  mentioned  that  flint  courses  are  abundant  both  in  the 
^^  of  Marsupites  and  of  Uintacrinus^  as  at  the  Culver.     The 
m?^  quarry  only  yielded  us  a  list  of  ten  species,  so  it  will  be 
^^.^red  that  fossils  are  not  abundant.     This  very  interesting 
^^on  seems  to  have  escaped  the  notice  of  previous  writers. 
^     *Ve  now  pass  to  the  northern  side  of  Bembridge  Down  where 
^  have  but  one  pit  to  record. 
PL  J*    ^  Some  300  yards  south  of  Longlands  Farm  is  an 

r^      '-l'^*  insignificant  exposure.     We  record  from  it  three 
^    ^    '     *-'       examples  of  the  Echinoconus-^2C^di  Echinocorys^ 
^^ynchonella  reedensis^   and   Serpula   turbinella.     There   is   no 
^^bt  therefore   that   the  pit   is   in   the  zone   of  Behmnitella 
^c^onata.     Such   exposure   as  there   is   will   be  found  in  the 
^^tem  end  of  the  pit,  for  the  eastern  side  is  filled  in  with  chalk 
^ped  from  the  excavation  for  Bembridge  Fort  on  the  summit  of 
^^  Down.     In  it  we  found  several  plates  of  Marsupites,     We  have 
Eluded  on  p.  236  to  the  fact  that  the  direction  of  the  Marsupites- 
^ne  can  be  traced  along  the  summit  of  the  Down  from  the 
^arconigraph  Station,  through  Bembridge  Fort,  to  the  centre  of 
^it  No.  40.     The  Fort  may  not  be  built  entirely  on  this  zone, 
but  part  of  its  foundation  must  certainly  rest  on  this  chalk. 


The  SOUTH  side  of  the  Downs  of  Brading,  Ashey, 
Merslev  and  Arreton. 


j    96S.W. 
Sheets  of  6-inch  Ordnance  Survey,  \    96  N.W. 
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west,  where  the  projecting  shoulder  fades  into  the  flat  surface 
he  cliff,  we  find  the  "  black  marl-band."  This  is  very  obscure 
re  the  surface  is  old,  and  it  Has  to  be  cut  to  bring  out  the 
•k  colour.  A  notable  feature  in  this  section  is  the  white 
ur  of  the  lowest  line  of  flints,  for  they  look  as  white  as  the 
'  siliceous  nodules  in  the  ^raci/is-beds  at  Compton  Bay. 
y  are  here  inaccessible,  but  we  found  some  similar  flints  in  a 
n  block  at  the  Culver,  and  they  were  evidently  from  the 
St  flint  line,  as  there  was  an  abundance  of  Bicavea  associated 
them.  These  white  flints  have  hardly  any  flint  recognisable 
ch  in  them,  and  they  form  an  admirable  link  between  the 
^ary  flints  and  the  pure  siliceous  nodules  described  by  Dr. 
f  in  his  report  (p.  289). 

^he  measurements  in  this  pit  are  given  by  Mr.  Strahan  (()p, 
;.  88),  and  by  Mr.  Jukes-Browne  in  the  Cretaceous  Memoir, 
ii,  p.  411.  The  apportionment  of  the  beds  is  given  correctly 
be  latter,  the  measurements  given  by  both  authors  being 
:ical. 

^    No     6  ^"  ^^  ^^P  ^^  ^^  Down,  and  facing  due  east, 

p      1'  ^  '  is  a  large  quarry  which  is  now  only  worked  at  its 
-'  western  end,  the  rest  of  the  surface  being  grey 

age  and  singularly  barren  of  fossils.  We  found  two  damaged 
I  pies  of  Micr aster  cor-angidnum^  two  characteristic  heads  of 
'^eticrifius^  Kingena  lima  and  a  profusion  of  Inoceramus 
H.     The  workmen  quarry  the  chalk  along  the  bedding-planes, 

these  are  simply  sheeted  with  masses  of  the  Inoceramus 
lestion.  This  condition  is  locally  very  significant  of  the  zone 
^icraster  cor-anguifiitm. 

"his  is  presumably  the  pit  mentioned  by  Dr.  Barrois  (of^.  cii. 
.)  who  places  it  in  the  zone  of  Micrastcr  cor-tesfudinarium, 

by  Mr.  Strahan  {op.  at.  p.  92)  who  does  the  same. 
Jukes-Browne  {op,  cit,  vol.  iii,  p.  92)  follows  Mr.  (Iriffith 
places  it  in  the  zone  of  Micraster  cor-auguinum.  Evidently 
Orifhth  obtained  no  more  abundant  evidence  than  we  did, 
he  tells  us  that  he  referred  it  doubtfully  to  the  zone 
;uestion.  In  any  case,  the  position  of  the  quarry  leaves  one 
:tle  doubt  as  to  the  age. 


Ashey  Down. 

There  are  no   more  exposures  on    the  southern  side  of  the 

^ns,  until  we   reach  Ashey  Down,  with  its  well-known  land- 

Ic. 

jj-   ^  North  of  Kern  is  the  fine  section  in  the  Chalk 

fC  \f  1^^    ^^x\  known  as  Kern  Marl  Pit.     As  this  horizon 

^   '  ^  'J        is   outside  the  scope  of  our   work   we   did   not 

^ine  it  in  detail.     Mr.  Strahan  {op,  cit.  p.  87)  mentions  it. 
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..,     ,.      . ,  _      _^  North    c>f  Rydc  Waterworks  is  a  small  aiui 

rp  '\  ^  ^^^  ^T  poor  exposure  in  a  disused  quarry.  The  zone 
L  .  c. . .  .  p. .  •  s. J  Qj^  Rhynchonella  cuvieri  is  shown  on  the  northern 
side,  and  at  the  eastern  end  the  Actinocamax plenusxsiZJ^dXi^aci^ 
zone  of  Holaster  subglobosus  are  exposed.  Passing  northwards 
up  the  lane  we  come  to  a  new  pit  with  a  recently  worked  surfoce. 
p,  J,  ^  g  This  small  pit,  being  well  up  towards  the 
TM  ^t  \  centre  of  the  Down,  gives  us  the  possibility  of 
L  •  ^•"  J  finding  one  of  the  zones  which  are  so  rarely  seen 
in  the  Chalk  Ridge,  for  the  reason  that  quarries  in  the  centre  of 
the  Down  are  so  uncommon.  The  chalk  is  remarkably  dis- 
coloured, partly  by  iron  and  partly  by  manganese,  and  fossils  are 
very  rare ;  but  we  had  the  good  fortune  to  secure  an  excellent 
example  of  Micraster  pmairsor  of  the  group-form  associated  with 
the  zone  of  Micraster  cor-testudinarium.  This  pit  is  not  marked 
on  the  1896  revision  of  the  6-inch  map. 

Mersley  Down. 

PI  E     No     7  "  ^^^^^^y  Limekiln  "  is  a  fine  quarry  and^ 

TR  c  •  \      •  H     1    ^^  ^^'^  ^^  ^^  ^*^^  working  pits  in  the  Island 

•- P"     *   'J    The  section  is  an  extensive  one,  ranging  fromrj 

the  Chalk-Marl  to  the  zone  of  Rhynchonella  cuvieri^  and  yieldin^^  m — = 
the  characteristic  fossils  of  the  highest  zone  in  fair  abundanc 
Dr.  Barrois  records  Inoceramus  mytiloides  from  "  Mefsty  Down"  (« 
{op.  cit,  p.  17),  which  is  doubtless  the  quarry  in  question,  Mb 
Strahan  {op,  cit.  p.  87)  gives  measurements  of  it,  but  no  fossils  ^A^  ^ali 
and  there  is  a  mention  of  it  by  Mr.  Jukes-Browne  {op,  cit  voL  !■"  i\ 

p.  411).  ^^^ 

PI  F      N       ^  ^"  ^^^  southern  side  of  the  road  we  find  .^^^^^3  a 

PR   *    •  H      1        ^"^  section  of  the  Holaster  subglobosus-zoxx. le, 

'-    '    "      '  ^ -'        and  on  the  north  side  there  is  a  bank  exposi^^E^z^zire 
in  the  zone  of  Rhynchonella  cuineri.     The  zone  of  Actinocamm^  ^tx 

plenus  is  not  seen,  being  probably  under  the  road. 

-pi  T\      "M-  This  was  once  an  extensive  working,  1^  Jiit 

rp         A         IT     1     i^  "^^'  disused,  and  a  path  runs  across  it 

|K.  c  :  A.  p. :  ±1.  S.J    ^^  jj^^  back  of  the  pitihe  zone  of  Rhynchofi^s^- — -^/a 
cuvieri  is  well  exposed,  and  the  Actinocarnax  plenus   marls       J^sare 
clearly  seen  on  the  northern  side  of  the  path.   At  the  bottom  of    ^        ^e 
pit  we  find  the  zone  of  Holaster  subglobosus.     The  characteri  ""n        tic 
fossils  of  the  highest  zone  are  fairly  common.     This  sectioK^         »s 
mentioned  by  Mr.  Strahan  {op,  cit,  p.  87),  but  no  fossils  are  gi^^* 

r>i  T-k      XT  Immediately  to  the  west  we  find  a  si 

rl.  L),       Wo.   24.  J  '  •      *.i.  €    rw   t 

i-iT     -|  and  very  poor  exposure  m  the  zone  of  Hola 

'     '    'J  subglobosus.     We  found  no  zonal  fossils, 

the  nature  of  the  chalk  and  the  position  of  the  pit  leave  or»< 

no  doubt  as  to  the  horizon. 


i 
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Arreton   Down. 

PL  D     Nol  ^  abandoned  pit  of  medium  size  consist- 

fR.  d  *"^   mostly  of  talus  black  with  age.     At  the 

*■         J  extreme  top  there  are  a  few  surfaces  of  more 

or  less  white  chalk,  and  as  Inoceramus  mytiloides  and  Rhynchonella 
OKvieri  were  obtained,  there  is  no  difficulty  in  assigning  the  quarry 
'0  the  Rhynchonella  cuvieri-zon^.  There  is  no  ;^rt^/7/j-chalk  at 
even  the  top  of  the  section,  though  from  its  position  on  the  map 
such  would  be  expected  to  be  the  case. 

PL  D      No     7a-  ^  small  pit  also  not  on  the  revised  6-inch 

r.   Vj  .  ti  J-\      naap   of   1896.       It   shews   the  Adinocamax 
L*     P-  •     -J      plenus  marls  and   the  zone  of  Nolaster  suh- 
^<^4odosus. 

^\  r>    No  T 1         TYivs  is  merely  a  chalk  bank  which  has  recently 

rV>      \  '*  been  cut  back,  and  such  surface  as  there  is  may  l)c 

»-    *    '-*       considered  good.     We  found  several  examples  of 

-^^-^toce ramus  mytiloides^  and   have  no  hesitation    in    placing   the 

^^2ction  in    the  Rhynchonella   r//r/Vr/-zone.      This  exjKwurc   also 

^ioes  not  appear  in  the  1896  revision  of  the  6-inch  map. 

^t^^L  D   No  22  ^^  ^^^*^  ^^^^  another  recently  cut  chalk  bank, 

fR^     '1    '  which  of  course  does  not  ai)ixiar  on  the  6-inch 
»-    ■     ^       map.     It  contained   masses  of  iron  pyrites.     We 
^"^fer  it  to  the  extreme  top  of  the  zone  of  Rhynclwnclla  cuvieri. 
^K:^»i  TA    vr^    Q  A  small  exposure,  also  not  on  the  1 806  revised 

FT  ff1        6-mch  map,   with   a   poor  surface.      Ihe  pit   lies 
*-    *  ^'-l        north   of   Arreton  Church   and  a    footpath    leads 
^  traight  to  it  from  the  village.     We  found  Terehratulina  f^racilis 
^^jid  small  rod-like  coral  Onchotrochus  serpentiniis^  which  we  have 
^^enerally  found  in  the  Terebratulina  ^raciiis-iovnt, 
^^1  D   No  T  ^^^  another  small  exposure  not  marked  on  the 

fH   n  •  T    ^1  ""^^^^^'^  '"^P  ^^  1896.     We  fancy,  however,  from 
l     •  P-  •     •  g-J  correspondence  with  Mr.  Gritlfith,  tliat  this  section 
^nust  have  been  in  existence  for  a  good  many  years,  and  that 
it  is  the  one  which  originally  contained  a  shed.     The  shed  no 
longer  exists,  and  the  bank  has  recently  been  cut  back.     The 
section  is  chiefly  of  interest  from  the  fact  tiiat  the  "  black  band  " 
is    seen   in  the  floor  of  the  pit,  and  that  the  "spurious  Chalk 
Rock  "  is  found  in  the  south-eastern  corner,  witii  the  *'  grey  marl- 
band  "at  the  top  of  the  pit  with  a  few  feet  of  flintless  chalk  above 
it.      We  have  here,  then,  the  two  highest  l)eds  of  the  gracilis- 
chalk  and  a  thin  capping  of  the  Holaster  planus-zxYsw^^  the  latter 
yielding    us    no    fossils.     The    .(^rr/r/Z/j-beds   afforded    a    list   of 
seventeen  species,  including    Terebratulina  ji^racilis,    Terebratula 
semiglodosa,  Rhynchonella  reedensis,  Cidaris  serrifera^  Pentacrinus 
and  Serpula  ilium.     The  most  inteiesting  record,  however,  is  an 
example  of  Bicavea  rotaformis  between  the  "  black  "  and  "  grey 
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niarl-b.iiHlb."  Thi.s  inu>l  l)r  one  of  llu;  .mccsiors  of  the  race,  for 
it  is  many  feet  lower  in  position  than  usual. 

Crossing  the  road  which  intersects  the  Down  at  right-angles, 
we  reach  one  of  the  fairest  spots  in  an  island  where  the  abandoned 
quarry,  clothed  in  luxuriant  vegetation,  reaches  a  degree  of  beauty 
which  it  is  difficult  to  exaggerate. 

PI  D  No  2  ^^^^  ^^  ^^^  famous  little  disused  pit  which  for 

FH  D  •  T  i  ^^  many  years  has  yielded  Bicavea  roiajormis  in 
L  •?••  -gj  gy^,j^  abundance  and  perfection  in  preservation, 
and  is  one  of  the  few  well-weathered  inland  exposures  in  the 
Isle  of  Wight.  It  is  mentioned  by  Mr.  Strahan  {pp.  cit,  p.  87) 
who  says  that  Mr.  Whitaker  (in  1865)  found  the  Chalk  Rock  at 
the  bottom  of  the  section.  The  surface  is  becoming  much  over- 
grown with  vegetation,  and  at  the  time  of  our  visit  both  the 
**  black-hand  "  and  the  "  spurious  Chalk  Rock  "  were  hidden  by 
the  talus.  The  physical  features  in  pits  vary  with  time,  and  this 
is  a  ver>'  good  instance  in  point.  The  "  grey  marl-band,"  however, 
was  clearly  shown,  and  as  there  are  several  feet  of  chalk  exposed 
below  it,  there  is  no  doubt  that  the  extreme  top  of  the  gracilis' 
chalk  is  still  uncovered. 

As  on  the  coast,  Bicavea  rotaformis  is  found  in  the  extreme 

base  of  the  flinty  chalk  as  well  as  in  the  top  of  the  flintless  series. 

Neither    Mr.     Strahan    nor    Mr.    Jukes-Browne    mention    the 

occurrence  of  Bicavta^  which  is  strange,  for  the  surface  is  literally 

rough  with  the  remains  of  this  beautiful  and  distinctive  bryoroon, 

examples  of  which  have  for  many  years  been  preseived  in  the 

Museum  of  Practical  Geology.     The  north-eastern  comer  of  the 

pit  curves  back  a  little,  bringing  in  the  flinty  beds  entirely.     We 

found  no  Aficraster  or  Echinocorys  in   the  flinty  beds,   but  we       ^ 

collected  in  all  thirty  species  here,  including  Hohster  planus^      ^ 

Cidiifis  serrifera^  Pcntacrinus^  Terebratulina  ^racilis^  Ttrebratula     ^ 

semightbosa^    Tcrehratula   carnea,    Jnoceramus    brongniarti    and    M~ 

Serpula  ilium.     At  the  present  time  the  zone  of  Ho/aster  planus -^^ 

is  alone  capable  of  being  worked. 

V),   T^  XT  We  now  come  to  the  most  famous  of  alWX 

PI.  D.  No.  21.  •      •     .u  ^  J         ^        r    I 

PA         \f     1'     r     1  quarries  m  the  eastern  and  western  limb^ 
LA.q.:  M. :  u.:  i..a.j  ^^  ^^^  ^^^^^  j^j^^^^  ^j^^  ^^^^^  Downen^^ 

Pit,  north  of  Arreton.     It  occupies  the   unusual  position  of  the^ 
summit  of  the  Down,  and  is  cut  througii  the  zones  of  Micraste^ 
cor-an^tinum^      Marsupiies      testudimirius     and      Actinocama^K^ 
quadratus.     We  made  a  carefyl  examination  of  the  north-westerrx 
corner  of  the  pit  but  could   find  no  trace  of  a  mucronata  fauni 
Mr.  C.  Griffith  and  Mr.  R.  M.  Brydone,  and  subsequently  Mr 
W.  Hill,  were  the  first  to  discover  Marsupiies  plates  here.     Wi 
may  say  at  once  that  this  quarry  is  singularly  disappointing  so  fa 
as  fossils  are  concerned.     At  the  time  of  our  visit  in  the  spring 
1 905  the  quarrymen  were  working  the  top  of  the  MarsupilesA^nm 
and  the  base  of  the  Aclinocamax  quadralus-zow^.    The  remaining 
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«s  were  very  poor  and  the  chalk  grey  with  long  exposure, 
ningat  the  south-western  corner,  where  the  chalk  is  grey  and 
entary,  we  find  no  zonal  fossils  whatever,  though  it  is  obvious 
e  must  here  be  in  the  zone  of  Micraster  cor-anguinum.  In 
uthern  part  of  the  eastern  wall  we  found  body-plates  and 
als  of  Uintacrinus,  and  these  were  followed,  as  we  passed 
rard,  by  a  fair  number  of  plates  of  Marsupites.  We  found 
wtgmanniana  associated  with  Uintacrinus  and  several  of 
pical  pyramidal  shape- variations  of  Echinocorys  sen  tutus 
(arsupites.  The  quadratus-chdWi  yielded  us  no  belemnite, 
T.  Griffith,  Mr.  Brydone  and  Mr.  Hill  were  equally  unfor- 
in  this  respect,  though  the  latter  records  Actinocamax 
itus  in  the  top  beds  of  the  Marsupites-chdW.  If  Mr.  Hill's 
tion  of  this  belemnite  be  correct,  we  have  here  an  occur- 
nique  both  in  the  Isle  of  Wight  and  in  the  corresponding 
1  Dorset,  for  in  both  localities  we  have  only  found  it  in  the 
the  Actinocamax  quadrat us-zone.  C ardi aster  pillula  was 
ited  by  one  very  large  example  found  in  the  northern  wall 
«t  by  us  ten  years  ago,  well  up  in  the  quadra t//s-cha\k,  and 
I  also  secured  one  example,  while  Mr.  Griffith  and  Mr.  Bry- 
iled  to  find  it.  Mr.  Hill's  example  was,  curiously  enough, 
i  well  down  in  the  Af a rsupi tes-bsind  {Jukes-Browne,  op.  cit. 
p.  92),  and  we  have  only  twice  found  this  urchin  at  this 
izon,  and  both  were  solitary  examples  at  West  Bottom, 
lite  Nolhe,  and  at  Margate.  From  the  quadratus-chsdk  we 
to  record  a  list  of  28  species,  and  among  them  a  number  of 
cal  gibbous  form  of  Echinocorys  scutatus.  Crania  egnaberg- 
^ccten  cretosus,  the  Cribrilina  mentioned  on  page  341  of 
er  on  Kent  and  Sussex,  and  Serpula  turbinella. 
whole  of  the  Uintacrinus-h^nd  and  all  but  the  extreme 
le  Alarsupites-hiind  are  crowded  with  flint  courses.  Then 
a  comparatively  flintless  area  of  some  40  ft.  with  two 
marl-bands  in  it,  each  pair  being  about  \h  ft.  apart.  This 
responds  to  the  flintless  belt  described  by  Mr.  Whitaker 
Jrowne,  op.  cit,  vol.  iii,  p.  93)  at  Culver  Cliff.  It  will  be 
erefore,  that  the  whole  evidence  points  to  the  fact  that 
ites  occurs  in  flinty  chalk,  for  it  was  so  at  the  Culver, 
Iter  Bay,  Scratchell's  Bay  and  pit  No.  40  at  Bembridge 
We  made  careful  search  here  for  the  four  remarkable 
Ddule-beds  which  we  describe  at  Culver  Cliff  (p.  245),  hut 
I  find  them  either  in  the  quarry  face  or  in  the  fallen  chalk 
This  disappearance  of  so  marked  and  unicjue  a  feature 
hort  a  distance  is  not  a  little  interesting,  and  affords  a 
argument  for  the  futility  of  trusting  to  mere  lithological 

Barrois  {op,  cit,  pp.  24-28)  describes  the  zones  in  this 
but  his  description  is  not  easy  to  follow,  as  on  p.  27  he 
t  the  Margate  chalk  (/*.  e.  the  zone  o{  Marsupites)  is  found 


1  nere  can  oe  no  nesitation  m  reiernng  it  to  me  zone  ot  - 
cor-anguinum^  as  we  found  a  well-preserved  example  of  t 
fossil  characteristic  of  the  upper  part  of  the  zone.  F< 
rare  and  we  can  only  record  Crania  egnabergensis^  Tere^ 
striata^  Serpula  ilium  and  masses  of  Inoctramus  an 
latter  being  in  this  island  practically  distinctive  of  this  zc 
it  occurs  in  profusion  such  as  this. 

The  North  Side  of  the  Downs  of  Arreton,  Mei 

ASHEV,  NUNWELL  AND  BrADING. 

Arreton  Down. 

As  one  would  naturally  expect,  all  the  quarries  on  the 
margin   of    the   Down   are   cut   in   the   zones   of  Bei 
mucronata  and  Actinocamax  quadratus^  and  it  may  b< 
once  that  they  are  mostly  abandoned  workings  and 
barren  to  the  collector. 

PI  D  No  ^  small  exposure  situated  to  the  sou 

'^-^'k      1^''  eastern   end  of  Saltmoor  Copse.     It 

^  '  ""J  worth  examining,  as  it  consists  of  an  an< 
with  a  small  and  badly  exposed  surface  at  the  top. 
obtained  no  zonal  fossils,  but  from  the  general  appearan 
chalk  we  should  be  inclined  to  place  the  pit  in  th< 
Actinocamax  quadratus  rather  than  that  of  Bt 
mucronata. 
PI  E    No  ^2  "^^    ^^^    grass-grown    quarry    soutl 

FB  m  1  western   end  of  Hoglease  Copse.     On 

•-   '     '^  inches  of  chalk  are  exposed,  but  we 

example   of  Belemnitella  mucronata  in  the  mouth  of 
hole. 
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Mersley  Down. 

Ken  a  pit  of  medium  size,  recently  worked,  and 

fB    ^  ^  situated  in  a  copse.     It  is  south-east  of  Duxmore 

I  •  ™*J         Farm.    Here  again  the  zone  is  obvious,  for  we 

obtained   two  examples  of  the  Echiftoconus-sh^,^^  Echinocorys 

^ch  is  found  only  in  the  zone  of  Belemnitella  mucronata, 

PL  E  V     ^c         ^^  ^"^^  ^"^^  *  \^'^%^  working,  but  is  now  only 

fA.    \         quarried  in  a  small   face  at   the  southern  end. 

*■     ^'J         Fossils  are  very  scarce,  for  we  can  only  record 

^  gibbous  shape-variation  of  Echinocorys  scutatus  characteristic 

of  the  quadratuS'Txmt^    typical   columnars    of  Bourf^eticrinus^ 

^^yichonella  reedensis  and  Pecten  quinquecostatus.    Even  were  not 

^^  position  of  the  pit  suggestive  of  the  lower  zone,  the  evidence 

of  a  quadratus  fauna  is  quite  sufficient. 

Ashey   Down. 

PL  E  \y  c^  This  is  the  big  quarry  lying  between  the  race- 
[B.  tij  t  A,  Q  1  course  and  Ashey  sea-mark.  It  is  now  little 
-  ,  "  *  ^'^  worked,  the  surface  is  very  disappointing,  and 
^ils  are  rare.  At  the  north-east  corner  of  the  quarry  we  found 
^^  small  pyramidal  shape-variation  of  Echinocorys^  Crania  costata 
^^  -Porina  filiformis,  so  we  can  at  once  assign  this  area  to  the 
^f'f^'^^'wj/tz-zone.  At  the  mouth  of  the  cave  we  obtained  the 
Pobous  .shape-variation  of  Echinocorys^  and  by  climbing  up  the 
v^P  talus  to  the  back  of  the  pit  we  found  another  example  of 
J^  same  form.     The  southern  end  of  the  pit,  therefore,  l>elongs 

^he  ^i/a^ra/i/5-chalk. 

PLe,  i^Q     -  A    small   exposure   at   the    Ryde   Waterworks 

r\    Q*f      chiefly  remarkable  for  the  fact  that  it  exhibits  a 

^      ^'-l       little  slide-plane.     In  the  line  of  crush  the  chalk 

^  flint  are  ground  up  to  fragments,  and  while  the  flints  on  the 

.  ^^b  side  are  practically  intact,  those  on  the  northern  side  are 

v^^red  to  splinters.     Fossils  are  rare  even  for  the  quadratus- 

^^Uc  of  the  Isle  of  Wight,  for  we  only  collected  Rhynchonella 

^^a/a,  Spondylus  spinosus,  Ostrea  vesicularis^  Osirea  semipiana. 

•pi^^foid  ossicles,  Serpula  ampullacea^  and  Porosphiera  giobuiaris. 

^^^  shells  were  of  the  usual  colour,  and   not  red   as   in  the 

l"'*^'TojM/a-chalk.     The  zoological  evidence,  slight  as  it  is,  points 

^*^e  direction  of  the  Actinocamax  quadratus-Aon^y  for  even  in 

oiali  sections  of  the  mucronata-chMi  we  can  generally  find  one 

^-.    V^e  small  pyramidal  forms  of  Echinocorys,  even  if  the  name- 

^^*1  be  absent     There  is  a  steep  talus  of  chalk  tipped  from  the 

f^^^'^ation  for  the  reservoir  above,  and  this  is  equally  barren  of 

^^«ls.     The  position  of  the  pit  in  any  case  leaves  us  in  no  doubt 

*^  the  zone. 
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Nunwell  Down. 

PI  E  N  South  of  Nunwell  Rookery  is  a  large  pit,  tMne 

•  I  T>    ^1^'  surfaces  of  which  are  worked  at  various  levels,  W  -mi 

L      "^-1       they  are  all  uniformly  poor.     The  extreme  back     oi 

the  pit  gave  us  no  zonal  fossil,  but  the  lower  surfaces  at  the  ba  ^zzk 

and   sides   yielded   several   examples   of   the   pyramidal  shap>e- 

variation  of  Echinocorys,  so  that  the  pit  may  safely  be  placed      in 

the  zone  of  Belemnitella  mucronata,  _ 

p,  P   ^  A  small  pit  consisting  chiefly  of  talus,  but  wi  «h 

fB       f^    ^  ^^^  ^^^^  ^^  recent  surface  at  the  top.     We  fouxnd 

I-   *  "^'-l       here  three  examples  of  the  small  pyramidal  fomrir 

of  Echinocorysy  so  that  the  bulk  of  the  section  may  with  certair-»^t^ 

be  assigned  to  the  mucronata-^z}^, 

Brading. 

PI  F    No  ±2  ^"  ^^  outskirts  of  Brading,  north-west  of  'MT^b 

fB       1       ^^^1»  ^s  a  pit  of  moderate  size  wherein  we  fouin 

L    •  "^-J       Belemnitella  mucronata,  the  small  pyramidal  shai^jx 

variation  of  Echinocorys^  and  Rhynckonella  limbata  :  so  ther^     ^ 

no  doubt  as  to  the  horizon. 

PI  F      No     8  ^^^^  ^^  merely  a  bank  exposure  at  Bradir^. 

fH  D  •  T  -R  1  ^"  ^  ^^^^  wherein  the  limekiln  is  situa^ted 
L  .p..  .g. .  .C.J  j^ extends  from  opposite  a  house  called  "Tli< 
Mount "  to  below  the  limekiln,  and  gives  a  range  from  the  upp^' 
part  of  the  zone  of  Rhynchomlla  cuvieri  to  the  lower  part  of  tt^^ 
Holaster  planus-zon^y  the  lowest  flint  line  in  the  latter  bed  beirtg 
shown.  The  surface  is  much  hidden  by  bushes,  and  no  fossii^ 
could  be  found,  while  for  the  same  reason  we  could  not  defirJ^ 
the  "  spurious  Chalk  Rock  "  and  the  "  black  marl-band."  By  a^^ 
unfortunate  oversight  this  section  has  not  been  marked  oM"^^ 
Plate  F. 

pi  y   ^  The    railway  cutting    south-west    of    Bradin^'^ 

fB  m  •  a"*^!  ^^^^*^"  affords  a    fair  section,  the   northern  one- 
L   •     ••     -^^-J  third  of  which    is  in    mucro/iaf a-cha\k,  while  the 
remainder  belongs  to  the  zone  of  Actifwcamax  quadratus.     From 
the  higher  zone  we  obtained  a  list  of  nineteen  species,  and  among 
them     we     note    the    small    pyramidal    form    of    Echinocorys^ 
Rhynchonella  plicatilis,  Rhynchonella  limbaia,  the  large  form  of 
C(Blosmilia  laxa^  Serpula  turbine  I la^  Porina  Ji I  if  or  mis  and  other 
rather  characteristic    bryozoa.     An    interesting   occurrence   was 
that  of  Cardiaster  pi  Hula ,  which  was  in  the  lower  part  of  the 
mucronafa-chMiy  but  not  at  the  base.     A  reference  to  the  Zonal 
Summary  (p.  311)  will  show  that  in  the  Isle  of  Wight,  at  any 
rate,  the  presence  of  this  urchin  does  not  of  necessity  indicate  the 
zone  of  Actinocamax  quadratus.     Towards  the  southern  end  of 
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the  section  we  found  an  example  of  Aciinocamax  quadratus  and 
an  aggregation  of  the  large  form  of  Serpula  ilium  so  massed 
together  as  to  look  like  a  colony  of  Serpula  plexus  with  very  fine 
tubes.    No  other  zonal  fossil  was  found  in  the  ^i/j^ra/«j-chalk. 

The  Central  Mass. 

VV'e  have  already  explained  our  reason  for  restricting  the  survey 
of  the  eastern  and  western  limbs  of  the  Chalk  Ridge  to  Shalcombe 
Dorn  and  Arreton  Down  respectively,  and  we  now  proceed  to 
examine  the  Central  Mass.  Clearly,  the  area  can  best  be  attacked 
from  Carisbrooke,  for  there  is  no  part  from  Pay  Down  on  the 
west  to  Pan  Down  on  the  east,  nor  the  Downs  of  Chillerton, 
Shorwell  and  Limerstone  on  the  south,  which  are  not  within  the 
scope  of  a  walker  of  ordinary  abilities.  Moreover,  the  lengthy 
western  portion  of  this  area  can  readily  be  rendered  easy  of  access 
by  using  the  railway  to  Calbourne. 

The  North  Side  of  the  Downs  of  Carisbrooke, 
Apes,  Little,  Westover  and  Pay. 


•^U  pits  in  PI.  C.  of 

o^r  Map,  except  No. 

72.   73  on    PL    B. 

(Pan  Down). 


95  N.W. 
Sheets  of  the  6-inch  Ordnance  Survey.  <  q'*"  c  i;  ' 

94  S.'W. 


^e  propose  to  at  once  reduce  the  work  before  us  by  taking 
^  ^he  pits  along  the  Chalk  and  Tertiary  junction,  passing  west- 
^^  from  Carisbrooke  by  way  of  Apes  Down  House,  Ashengrove 
^  Newbarn  to  Calbourne,  then  following  the  road  southwards, 
P*5^  Westover  and  Gottenleaze,  to  a  pit  (No.  69)  on  the  300 
^^tourline on  Westover  Down.  Leaving  the  main  road  we  then 
^^  the  path  up  the  Down,  through  Westover  plantation,  to  the 
•^rthern  extremity  of  Pay  Down,  It  is  clear  that  all  these 
exposures,  with  the  exception  of  pit  No.  69  on  the  300  contour- 
uneat  Westover  Down,  are  likely  to  be  in  the  ///wrr^/za/rt  chalk. 

The  need  for  giving  the  contour-line  in  the  eastern  and 
^wtern  limbs  of  the  Chalk  Ridge  is  small,  as  neai  ly  all  the  pits  are 
on  the  northern  and  southern  margins  of  the  Downs  ;  but  in  the 
case  of  the  Central  Mass  it  is  clearly  a  convenieiice  to  know  them, 
so  wre  propose  to  place  them,  where  possible,  in  round  brackets 
on  the  same  line  as  the  number  of  the  pit. 

Carisbrooke. 

p;  r  M     fi    /       \        '^^^^  P^^'    ^^"^   since   disused,    and  occu- 

rn    "® '  ^°^/'  pied  by  a  house  and  shed,  is  mentioned  by 

[b.  m.J  ^Ij.    Jukes-Browne  {pp.  cit.  vol.  iii,  p.  94)  as 

Mord  (/>.  Mora)  Cottage,  as  the  one  in  which   Mr.   W.  Hill 
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obtained  Afagas  pumiius  and  part  of  a  belemnite.  The  flints 
black  or  greyish-brown,  with  thin  white  cortices,  and  the  surfi 
of  the  chalk  is  much  obscured.  The  only  zonal  fossil  yielded 
the  wall  of  the  pit  facing  south-west  was  one  example  of  the  snc 
pyramidal  form  of  Echinocorys  and  Porina  filiformis.  In  t 
portion  of  the  pit  in  which  the  outhouse  stands  we  found  thi 
examples  of  Echinocorys^  all  crushed,  but  suggestive  of  the  sha 
variation  characteristic  of  the  quadratus-zone^  and  a  calyx 
Bourgueticrinus  of  smaller  size  than  is  usually  found  at  the  sa 
horizon.  It  is  possible,  therefore,  that  there  may  be  here  a  ju 
tion  of  the  two  zones,  but  the  mucronata-chdXk  would  have  to 
very  thin  to  allow  for  this  condition. 

PI  r      No  6 1  lonn\  ^    ^^"^    ^^"^^    ^^    ^®^"S    built   OppO! 

r?  B  m  1  Osborne  View  Cottage  and  the  chalk  fr 

^      '  "^'J  the  foundations  was  lying  in   heaps. 

found  two  examples  of  Echinocorys  scutaius^  but  they  were 

broken  for  determination. 

PI  r     N    6   ^       ^         '^^^  large  heaps  of   chalk    from 
'    r^  '     1^     °^'  excavations  for  the  reservoir.     The  chaD 
'  ^'^  grey  with  age  and  singularly  poor  in  fosj 

Three  large  examples  of  Serpula  iurbinella  and  Porina  filifor 

were  the  only  fossils  suggestive  of  a  zone.     Only  fragments 

Echinocorys  found. 

PI  r     No  6  W 7oo^  ^''-  Barrois  (e?/.  cit,  p.  2  7)  and  Mr.  Jul 

fB  m  1  Browne  (pp.  cit.  iii,  p.  94)  mention  this 

I-   *  ™'-'  but  neither  of  them  record  any  fossils. 

pit  is  a  large  one  and  is  occasionally  worked,  the  surface  \a 

fairly  good.     The  flints  are  black,  with  thin  white  cortices. 

obtained  here  one  example  of  Belemnitella  mucronata  and  fiv« 

the  small  pyramidal  shape-variation  of  Echinocorys, 

Apes  Down. 

PI  C     No  66  (2^d\  ^  P^^  °^  moderate  size,  with  fairly  gc 

*     *    rx^  *     1  surface,  between  the  200  and  300  conto 

L    *  "^'J  lines    and    immediately    to    the    east 

Apesdown    House.     The  only   zonal    fossils    found   were  t 

examples  of  Belemnitella  mucronata  and  two  tall  dome-shap( 

but  laterally  compressed,  forms  of  Echinocorys,     Flints  greyi: 

black,  with  thin  white  cortices. 

PI  r  N  6  /  ^  ^^  ^^  i^xm  of  Apesdown  House  is 
fR  7  v^°°/-  small  pit  in  a  pig-run.  Here  we  obtair 
'    '  "^* '  two  examples  of  the  small  pyramidal  fo 

of  Echinocorys, 

PI  r     N    (\%ito  \         Between  Apesdown  House  and  Ash 


[B.  m.] 


grove  is  a  small  pit  on  the  south  side 
the  road.     The  surface  is  poor  and  the  0 


fossil  which  we  could  find  was  the  small  pyramidal  Echinocory 
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j>l     ^^   ^  ,       V  On   the   north    side  of   the  road   and 

J>'o.  100^275;.  opposing  j^o    58  is  a  small  pit  with  very 

^   *  ™' '  poor  exposure.     Again  the  small  pyramidal 

forro  of  Echinocorys  was  our  only  fossil.     The  pit  lies  nearer  the 
300   than  the  200  contour-line. 

jpi     ^-^   ^        ^.       V  This  is  a  venerable  surface  behind  some 

wo.  10  (2oo;.  ^^tj^gs  at  Ashengrove,  in  which  the  small 
"™  pyramidal    shape-variation   of    Echinocorys 

-*^«*^<o/a/j  was  our  only  zonal  fossil. 

j>l  ^  HT  /  \  This  is  the  only  exposure,  save  No.  69, 
FA  ^\^  '  which  is  not  near  the  Tertiary  junction,  for 
L    '  ^'-1  it  lies  a  quarter-of-a-mile  south  of  the  road 

^*^<i  to  the  east  of  High  Wood.     It  is  a  large  pit  with  a  good  air- 
'^''^la.thered  surface  at  the  top.     The  flints  are  pinkish,  with  thick 
''^i^ite  cortices.     We  obtained  here   Cardiaster  pillula  and  the 
sHa. p3e-variation  of  Echinocorys  and  Bourgueticrinus  characteristic  • 
<^f  X\\t  zone  of  Actinocamax  quadratus. 

Little   Down. 

py     #^  V  I  c  \         '^^  ^^  north-east  of  Calbourne,  in  the 

FB^^l  rickyard  of  Newbarn  Farm,  is  a  small  pit  with 

'-  *     'J  poor    surface.     The    flints    are    grey,   with 

^Wi^  white  cortices.      Two  examples  of  Belemnitella   mucronata 

^ere  found. 

Pi    €^  Mn  «    /  fr/^^  ^^  ^^^  P*^»  ^^^^  hardly  any  surface,  in 

*       [B  m  1  ^^^   y^^  ^^  ^^^^'^  ^^™'  Calbourne.     The 

t  •     -J  flints    are    grey,    with    thin  white   cortices. 

^J^   examples  of  the  small  pyramidal  Echinocorys  were   found. 

"''-  Jukes-Browne  (pp.  at.  vol.  iii,  p.  94)  says  that  Belemnitella 

^'^^^^^nata  has  been  obtained  here. 

Westover. 

Pl^  P  ^     ,    .       V  North  of  Calbourne  Bottom   is  a  small 

\k     ^-\  '  pit  with  a  ruined  kiln.     It  is  at  the  west  side 

j^     L      Q-J  Qf    ^^  road   which    crosses   the   Westover 

z!^^  at  right-angles.  The  flints  are  large,  grey,  with  thick 
^*^y  cortices.  We  here  found  Cardiaster  pillula  and  the 
^^boiis  shape-variation  of  Echinocorys  characteristic  of  the 
^*^ra/Kj-chalk. 

^^-  C  V  i       \  ^Vest  of  Gottenleaze  Cottages  is  a  small 

\^'     y  ^     pit  wherein   the  flints  are  grey,  with  thick 

"™  milky    cortices.     It    will    be    noticed    that 

j  .^^h  No.  69  is  in  quadratus-chaXk  the  flints  of  the  two  pits  are 

|v  ^"^tical,  thus  showing  that  it  is  useless  to  rely  much  on   them 

'^  ^nal  determination.     We  collected  here  twelve  examples  of 
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the  small  pyramidal  form  of  Echinocorys  and  two  of  BeUmnite^^h 

mucronata. 

PI  C  No  71  ^^i;o^  ^^^\-  of  Westover  plantation  is  a  disus^^sd 
ri3  ji  1  pit  with  scattered  chalk  on  the  grass  from  t'^iie 

^    *     '^  rabbit-warren.      Flints  are  grey,  with  thL -^Ik 

milky  cortices.      At    the    mouth    of   a  rabbit-hole  we  fou-^c-i<i 

Belemnitella  mucronata. 

Pay  Down. 

PI  B     No  ^     i     x\  North  of  the  Ancient  Cemetery  i^^       2 

rT»  '  '  I*  ^'^  ^^'  disused  quarry  of  large  size  with  a  f"^^^^ 
L   '     *-'  small  surfaces  under  the  turf.     The  fli  ar"».t 

are  grey,  with  thick  milky  cortices.     Fossils  are  scarce,  but      ^^^ 

found   BelemniteUa   mucronata^   Porina  filograna,   Rhynchon^^' -^^ 

plicatilis  and*  the  large  dome-shaped  Echinocorys, 

East  Side  of  Garstons  and  Newbarn   Downs,  and  Sol-^     n. 
Side   of   Chillerton,  Shorwell,  Limerstone,  Brighstc^  :^*-4i 
Mottistone  and  Pay  Downs. 

All  pits  on  PI. 

C.  of  our  map 

except  No. 72. 

PI.  B. 


Sheets  of  the  6-inch  Ordnance  Survc 


Garstons. 

PI  C     No   «;q  ^^00^  ^^  Garstons  Farm  there  is  a  large      Jjir 

rjT  *  ^^  ^^     ''  with  a  recently  worked  surface.     As   t^s 
'■        ■-'  section  is  in  a  zone  below  the  range  of  <^yi!i 

work  we  do  not  give  a  list  of  fossils. 

PI  C      No   «;2  ixoo\  A  small  pit  in  the   zone   of  Hoia^'^fr 

rrj"  ^1    ^     ^'  j«/^^/^^r?j//x  chalk  on  Garstons  Down,  sou  *ii- 
L    *  ^ -^  west  of  Newbarn.     Passing  up  the  Do^^'J 

from  this  pit  is  a  cart-track  leading  to  No.  53.     In   the  bank      of 

this  track  there  is   a  continuous  exposure  of  the  base  o\  ^^^ 

Rhyfichoneihi  aivien-zouQ^  and  Inoceramus    viytiioidcs  is   foiE*^^ 

abundantly. 

PI.  C.  No.  53  (400).       A  small  pit,  nearly  obliterated,  in  flintl^^^ 
[R.  c]  chalk.     Inoceramus  mytiloides  is  common. 

PLC.  No.  54,54^  (500).  ^f  ^^'7^,  '^  ^"^-T""  fn^ 
TAne'"  flint  cravell  ^"^^^^^  hundred  feet  we  notice  "^^  \ 
*■      ^  *  ^        '^       large  flints  by  the  road-side  resembli^^^ 

those  from  the  quadratus  and  wwrr^mz/rt-chalk.     The  reason  w^^  ^ 
this  is  clear  when  we  arrive  at  the  pits,  for  they  consist  entirely       ^^ 
milk-while  flints  with  no  admixture  of  chalk.    The  flints  are  of  ^^i^ 
sizes,  many  of  them  measuring  one  or  two  feet  across,  and  the  whc^^^^ 
deposit  is  bound  together  with  a  mass  of  flint  splinters.     We  ha"*^'^ 
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here  the  flinty  residue  of  the  whole  of  the  flinty  chalk,  due  entirely 
to  subaerial  denudation.  The  flints  are  sharp  and  angular,  and 
no  casts  or  adherent  fossils  could  be  found.  The  large  area  of 
^^e  central  mass  of  the  Chalk  Ridge,  and  of  the  southern  mass, 
<><^iipied  by  this  angular  flint  gravel  is  graphically  indicated  on 
^c  geolc^cally  coloured  i-inch  map  of  the  Geological  Survey, 
^e  describe  this  exposure  because,  knowing  the  thickness  of  the 
^nes  of  Ryhnchonella  cuvieri  and  Terebratulina  gracilis,  it  is 
^vious  that  this  gravel  rests  on  the  base  of  the  latter  zone.  All 
^cse  pits  are  simHar,  so  this  description  will  do  for  all. 


Newbarn. 
^L  C  No  c8  ^       ^       ^  small  pit  recently  worked.     The  same 


chalk  is  seen  in  the  path  leading  from  this 
quarry  on  the  eastern  side  of  Long  Copse. 
PL  C  No  C7  ^       ^        A  pit  of  medium  size  with  a  fairly  clean 
'  rxT*  57  V3°°;'  surface.    It  is  also  in  the  Holaster  subglobosus- 


[H.  s.] 

No.  57 
[H.S.] 

^*^ows  (tumuli), 


zone  and    lies    to  the  north-east  of    Five 


Chillerton. 


PL  On     c6  ^a     '        ^  \2lx%q  working  pit  with  a  ruined  kiln 

*  r^'  5  ^  v4oo;.  gj^yj^^g^  Qj^  ^j^g  southern  edge  of  Chillerton 
'•    *  ^*-'  Down.     Marls  of  Actinocamax   plenus   not 

^'^Posed. 

PL  CNocu^c     \        ^  cart-track  leads  from  No.  56  to  this  pit 

*  r^'  55  VS®^/-  which  has  an  exposure  of  flintless  chalk,  grey 
^   '  ^'J  with  age,  at  the  top  of  the  section.     Fossils 

^^^  difficult  to  find  in  this  loose  laminated  chalk,  but  we  collected 
we  examples  of  Inoceramus  mytiloides^  two  of  Inoceramus 
^^>ngniarti,  and  two  spines  of  Cidaris  hirudo.  We  refer  this  quarry 
^^  the  top  of  the  Rhynchonella  cuvieri-zone.  Mr.  Strahan  {op.  cit., 
P"  S5)  mentions  a  pit  on  the  projecting  promontory  of  chalk  of 
^hillerton  Down,  which  he  says  touches  the  Chalk  Rock.  Pit 
^^-  56  is  on  the  actual  promontory,  and  at  the  time  of  our  visit 
jhere  certainly  seemed  to  be  no  trace  of  the  greenish  nodule-bed. 
tj^^  the  base  of  this  pit  the  track  leads  up  the  hill,  and  on  the 
^/^t  we  successively  pass  the  chalk  of  Holaster  subglobosus  and 

Shorwell. 

^^"  C  No  8    i\     \  On  the  eastern  side  of  the  road  in  Shorwell 

fi^       ■  ri      1       Shute  is  the  very  large  quarry  mentioned  by 

pl^    .       ^'  •  ^-  ^'J       Mr.  Strahan  (pp,  cit,  p.  85).  The  bulk  of  the 

f>^     *^  cut  in  the  zone  of  Holaster  subglobosus  and  it  is  capped  by 

^^*  Gbol.  Assoc,  Vol.  XX,  Part  4,  1908.]  20 
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the  zone  of  Rhynchonella  cuvierL  On  the  talus  we  fi 
amus  tnytiloides.  The  marls  of  AcHnocamax  plenus  c 
detected.  * 


Limerstone. 

PI  r    Kn  «^/rr^o\         ^"  ^^^  southem  edge  of 

l-   '     '-'  surface,  probably  in  the  Chalk 

than  in  the  zone  of  Holaster  subglobosus.  It  appeal 
of  those  mentioned  by  Mr.  Strahan  {op,  cit^  p.  \ 
Dr.  Barrois  (op,  cit,y  p.  i8). 

PI  r     Kn  9.cif.rsr.\         Higher  up  the  Down,  and 
S?*sr      ^*  o^  No  82,  is  another  smaU  pi 
^      s.  J  j.^^^^  ^^  ^^  ^^^^  ^^  Holaster  sui 

PI  P    j^    g    /      V         At  the  comer  of  the  Down 
*   r*TT      *  r^  aI^^     medium  size  with  a  fairsur&ce. 
Lin.s.:u.M.j      (^^^y^  p    8^)  suggests  that 

Chalk  (i>.,  the  zones  of  Rhynchonella  cuvieri  and  7 
gracilis)  are  exposed  in  the  series  of  pits  near  Cooi 
We  see  no  grounds  for  this  supposition,  and  Mr.  St 
no  zoological  evidence  in  favour  of  it.  Possibly  he  i 
group  of  pits  farther  west  (No.  77). 

PI  C     No  8Arcoo^  ^  ^^^^^    P^^  ^^^    ^^^^^  * 

I'l.U    wo.  84(500).  ^j^^  ^^p  ^^  ^jjg  ^gg^^  ^^^  j3 

>•"•  ^'-l  west  of  No.  83. 


Brighstone. 

PI  r  Mn  ^ft/,^.r\  North  of  Buddlehole  Spri 
{^n  A  J  R  c-i  edge  of  the  Down,  is  a  smal 
yjs.,  c. .  A.  p. .  n.  s. J  gj^^^g  ^j^^  ^^p  ^^  ^j^g  Holaster 

zone,  the  AcHnocamax  plenus  marls  and  the  base  of 
Rhynchonella  cuvieri.  We  had  no  difficulty  in  finding 
my ti hides,     Mr.  Strahan  {op,  cit.^  p.  84)  mentions  thij 

PI  C  No  nn'^'^'HxodS  ^'^  '^^  ^^^®'""  ^^^^  ^^  ^^ 
FH  D  •  T  ff  1  crosses  the  Down  at  right-ang 
L  •  P'  •  •  8*  J  series  of  three  connected  pits, 
the  most  interesting  section  in  this  southern  area. 
{op,  cit,,  p.  18)  and  Mr.  Strahan  {op,  cit,^  p.  84)  mc 
quarries. 

The  lowest  pit  (a)  is  cut  in  the  ^rz<77/V-chalk,  a 
the  top  of  the  Rhynchonella  cuvieri-zoT\Q  may  be  hiddc 
talus.  At  the  north  side  of  the  section  we  find  the  wl 
nodules  in  situ  a  few  inches  below  the  turf  cap. 

In  the  middle  pit  {b)  the  base  of  the  section  is  in  tl 
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I 

••-•  ;■•    :"•»!••  I  if  Rhvtichnnclla  cirowri.     On  the  talus  we  fopnd  In- 

j^         '/.v.'.Y*  »fi\tiloidt's,     Tlic  marls  of  Actinocamax  pltnus  cwA  n-  *. 

•■:  dtt.  r!».l 


W 


Limerstone. 

.„  ,       V-      •    /        \  On   the   southern  edge  ot.I.ivi. :  ; 

vi  ■  n*'>wn    IS  a  small  pit   with  a  -W'  h-  xi.. 

■^  surface,  probably  in  the  Chalk.  .M:.ri  r.< 

i!»iii  i;!  til-  /oiu'  y*{  Ji'»las!cr  suh^loht'Sus.     It  appeirs  lo  !>• 
.•1    i!;n^v   :iic'r,rioM'.-(l*  by    Mr.  ^Strahan  {op,  cit.^  P-'^f  ^i--'* 
( >»•.  I!  III. »••>  ;^^.'».  ..•//., i).  i.S».      ^  I 

,,.  .,     V     c.    /i-        -        Hii^lKT  up  the  Down,  and  tii  liv. 
.,^    .1  f  ol   No.  i^,  IS  another  small  fit  w;::*- 

•  *    '  *  j:  rokr  to  ^le  zone  of  Holasttr  w:;'*'    .' 

,,    ,.     V,      .    ,       .-^        At  lie  corner  of  the  Dowii  i>  .i   • 
J,      .  ('  \T  •  ^i'lt'diuin^i/ewuh  a  fair  surface.  '•  M:   '^.-. 

•    *'  ' '      '(.'/  »•//.,  ^.  85)  .suggests   that' th'-    \.. 

ri..-.l!'  •/.-.,  iIk*  /  .JM-:  »;f   Rhynchomlla  cuvieri  and   JT/-: .>;.': 
:;/•'/. /./• '  ,.ii.-  ;\[v..;:!d  Til  tl'.'  serics  t»f  pits  near  Coc^n-'b      r 
:;{'••.:•  laiM"^  I'or  ihi<  suppoMtioii,  and  Mr.  |l>trar  .':    . 
•]•;.".:!'  ••M«Ki'.v  in  favour  of  it.     Possibly  he  reUi>.  .. 
:  [ntv  tarthv.T  wes:  (No.  77).  1 

K      ..     ^      .  .\   small    pit  with    slightj  c\iH»>.i* 

""^V  sV^*^^^'    ^''^^'  ^'^1^  ^"^  ^^"^^'  ^'dg^  of  ^he  }l.)owr,,  : 

•  "      '  ^NC.^i  of  No»  '^T^,  \ 

i 


Brighatone.  • 

N^./ti.    .^f   Huddlfhole   Sprin.:. 
1  »:   •  !    ih«-    Pown,   is  a  sitiall   jj- 
t  .-.     *.;.'    top  uf  the  Ilt^Iashr  </,\. 
*>'■    ■     ni.Ml>  and  the  base  hf  t!:-. 
.;J  Muiiimculty  in  llndjn.;  /■:■ 
"..  p.  S4J  mentions  tii:>  >«  •• 
I  *  .  ::i.'  ta>terii  side  of  tlv.-  :•/ : 
-  :'•.•  Dj^vn  at  right-aii^^i- .. 
•i  I'--  "t'^nnecled  pit-..  < .  .-.. 
•    i  .'N  -(".•.  11  hern  areai     i »-. 

•  ••        ■■:\    ■'!/.,    p      84)  iv,  \'V  ^ 

•  •    ■    :.//-.\7f-rhalk,  is:.:!  ; 

•■.••  -nay  be  hid*'.. ":  :. 
•    :!  ^\;-  lind  The  \\\\\\  • 
.■  ■  •'    iiirf  rap. 
.  •     .:.i-  <i\:iioii  is  in  \\\v  ! 


X 
X 


o 


X 


> 
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i;rari7is-chD.\ky  but  the  "  spurious  Chalk  Rock  "  is  hidden  by  talus, 
while  the  "  black  marl-band  "  and  the  "  grey  marl-band  "  are  both 
well  displayed  in  their  usual  relative  positions.  The  whole  of  the 
remaining  surface  is  cut  in  the  zone  of  Holaster  planus. 

In  the  highest  pit  (f)  the  same  series  is  shown  as  in  (b\  only 
it  is  much  better  displayed,  for  we  have  a  fine  exposure  of  the 
"spurious  Chalk  Rock,"  the  "black  marl-band"  and  the  "grey 
marl-band."  As  Dr.  Barrois  points  out,  the  position  of  the  "  black 
marl-band  "  is  clearly  indicated,  owing  to  the  thin  line  of  vegeta- 
tion which  it  supports  by  reason  of  the  fact  that  the  clay  retains 
more  moisture  than  the  chalk.  We  searched  for  the  Bicavea-bed, 
but  the  surface  in  which  it  should  occur  was  grey  with  age,  and 
We  failed  to  find  it. 

We  obtained  a  full  list  of  fossils  characteristic  of  the  upper  part 

of  the  graa'/is'hed  and  the  lower  part  of  those  of  Holasttr  planus^ 

and  we  can  recommend  this  as  one  of  the  few  pits  in  the  island 

which  a  collector  would  care  to  visit.     In  the  Holaster  planus- 

ohalk  we  had  the  good  fortune  to  record  two  rare  zonal  occurrences, 

isamely,  Echinoconus  conicus  and  Discoidea  dixoni — the  former 

^or  the  first  time  in  our  experience.     The  position  of  the  salient 

lithological  features  in  pit  (c)  is  well  brought  out  in  Plate  XXIII. 

rrhe  range  from  the  zone  of  Holaster  subglobosus  to  that  of 

^^9olaster  planus  is  so   well  shown    in    the   sequence  of  pits 

^1^0.  77-78),  that  we  spent  much  time  in  endeavouring  to  bring 

^>ut  the  zoiial  sequence  in  a  photograph.     We  found  this  to  be 

cyiite  impossible  to  achieve  owing  to  the  high   bank  on   the 

^^uthem  side  of  the  road.     The  sequence  is  rendered  more 

graphic  by  reason  of  the  fact  that  due  south  of  No.  78,  at  Rock, 

^,    section  of   the  Malm   Rock  of   the   Upper    Greensand   is 

conspicuously  displayed. 


Mottistone. 

PI.  C    No  76  ^  c  ^         ^^  ^^  eastern  end  of  the  southern  edge 
TH     •  C  Ml      °^  Mottistone  Down,  well  to  the  west  of  the 

■- -I      road  crossing  the  Downs  at  right-angles,  is 

*    series  of    large  workings  embracing  the   zone  of  Holaster 
^^^^iobosus  and  the  Chalk  Marl. 

^1.  C    No  nAlccQ\         '^^^^  ^^  ^  double  pit  at  the  angle  of 

[^  c.-^D  •  H  si    Mottistone    Down,    south   of   the  site  of 

.      p..     .  .j    jjju.l)oro*    (tumuli),     mentioned     by     Mr. 

^^^  (pp.  cit.,  p.  84).     It  shows  a  section  of  the  top  of  the 

-^^^^ter  sudglobosuS'ZjonQ,  the  marls  of  Actinocamax  plenus,  and 

Y^  ^^^^  of  the  Rhynchonella  €uvieri-zoT\e.     In  the  latter   bed 

^^l^^^amus    mytiloides    is    common.     We    entirely   agree    with 

'  Strahan's  description  of  this  section. 
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Westover. 

PI  r  N  7c  ^c  \  So  as  to  save  the  unnecessary  joume 
ru  1  ^^  examine  one  pit  we  now  climb  to  the 
»-    *J  of  Westover   Down  in  the  hope  that 

summit  may  yield  us  one  of  the  rare  middle  zones.  As  a  p 
is  non-existent,  but  in  a  shallow  depression  was  much  Ic 
chalk,  grey  with  long  exposure.  By  dint  of  handling  nearly 
whole  of  this  unpromising  material  we  had  the  good  fort 
to  find  Uintacrtnus,  together  with  the  tall  pyramidal  sh. 
variation  of  Echinocorys  scutatusy  characteristic  of  the  zon^ 
question,  and  Lima  decussata. 

Pay  Down. 

PI  Ti     XTrx  n-*  /^/^  \         ^^  either  side  of  the  cart-track  at 

FH  D 1  south-western  end  of  Pay  Down  there 

I-    *  P'J  small  bank-exposure  of  the  Holaster  pla 

chalk,  which  yielded  the  gibbous  form  of  Echinocorys^  charac 

istic  of  the  zone. 

Having  examined  the  northern  and  southern  edges  of 
Central  Mass  it  will  be  found  convenient  to  divide  the  remain 
pits  into  three  groups :  those  along  the  Shorwell  Road  on  I 
eastern  side  of  Bowcombe  and  Cheverton  Downs,  includi 
those  on  the  eastern  and  southern  sides  of  the  Roman  Road 
Bowcombe  and  Idlecombe  Downs  ;  those  on  the  northern  side 
the  Roman  Road  at  Rowridge,  Swaintondown  Gate,  Little  Doir 
and  Newbarn  Down ;  and  those  in  the  immediate  vicinity 
Carisbrooke.  From  the  point  of  view  of  conformation  it  mi( 
have  been  better  to  have  included  those  north  and  south  of  1 
Carisbrooke  area  in  the  groups  on  the  northern  and  south< 
edges  of  the  Chalk  Ridge,  but  the  distance  involved  rend 
such  a  course  inadvisable.  Method  and  symmetry  in  arrang 
field-work  is  essential,  but  it  is  also  necessary  to  bear  in  m; 
the  walking  capacity  of  the  ordinary  geologist ;  and  having  b 
over  the  ground  we  feel  that  this  arrangement  is  the  one  wh 
best  meets  both  issues.  We  found  that  we  could  visit  ev 
pit  marked  in  the  area  which  we  have  included  in  the  Cen 
Mass  in  five  days. 

The  Downs  of  Bowcombe,  Idlecombe,  and  Chevertoj 

PI.  C.  of  our  Map    Sheets  of  the  6-in.  Ordnance  Survey  employed  \^^% 

Bowcombe. 

PI  r  XTn  f.r  iAr^f>\  ^^^^  ^miSS.  pit  on  Bowcombe  Dc 
FM  r  il  ^^  south-west  of  the  Anglo-Saxon  Cemett 

^      c.-a.j  ^^^  ^^g  referred  by  Dr.  Barrois  (op,  . 

pp.  24-27)  to  the  zone  of  Micros ter  cor-anguinum,  as  he  foi 
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there  the  name-fossil  and  Echinoconus  vul^ris.  Mr.  Strahan 
{op^  cit.^  p.  92)  is  content  to  quote  Barrois.  The  surface  is  poor, 
and  the  flints  are  grey-black  (a  few  pinkish),  with  rather  thin 
white  cortices.  From  our  small  list  we  quote  Micraster  cor- 
<i*^gt^znumy  five  examples  of  Echinoconus  vulgaris^  the  zonal  shape- 
^^^riation  of  Echinocorys  scutatus^  Cyphosoma  konigi  and  PtcUn 
creio^Mds, 

PI  Q2,   nj  /       V  On  the  western  side  of  the  road,  opposite 

PR  ^^-i^      '    Bowcombe  Farm,  is  a  small  pit  in  flintless 
•-    ■     J  chalk,  with  poor  surface,  in  a  cottage  garden. 

***oc^^^a„i^s  mytilaidcs  is  common. 

Cheverton. 

^1-  C!   No  80^-1     \  About   i^   miles  farther  south,  on  the 

FR  c  1  western  side  of  the  road,  is  another  small  pit 

'•■*-'  in  the  Rhynchonella  amcri-zjont.  in  the  faim- 

yaixi  at  Cheverton. 

Leaving  the  Shorwell  Road  at  Rowborough  Farm  we  take  the 
^^^^-"track  leading  almost  due  north  to  Idlecombe  Down.  As  we 
?^^nd  the  hill  we  see  evidence  of  what  once  must  have  been  a 
^^^  Section  in  the  zones  of  Rhynchonella  cuvicri  and  Tertbratulina 
^^*c£/is  in  the  western  bank  in  the  lane. 

At  the  top  of  the  lane  is  a  gate,  and  immediately  beyond  it, 
^^.^He  east  side  of  the  track,  there  is  a  small  hole  in  the  bank  from 
^hich  a  few  loads  of  chalk  have  been  taken.     This  is  on  the  300 
*^»^tour.line. 
PL  Q>»    Vo  88^20  ^  ^^^^  ^^  ^^  ^^^^^^  exposure  in  question, 

'      -  ^^       '      nnH   in   it  ytif»  oj^f^  a   nnit*»  r<»r»r»<mic5iKlf»  CA/^tion 


[T.g-l 


and  in  it  we  see  a  quite  recognisable  section 
^^  of  the  "  spurious  Chalk  Rock,"  and  we  can 

^^^  the  same  bed  of  yellow  and  green  nodules  in  the  unmetalled 
j/J'^^ce  of  the  track  a  little  higher  up.     This  pit  is,  therefore,  in 

^  top  of  the  gracilis  h^ds. 
Q^     Still  passing  up  the  track,  we  find  bank  exposures  in  the  zones 
^^^  -^^olaster  planus  and  Micraster  cor-testudinarium^  though  we 

^^d  obtain  no  zoological  evidence  of  the  latter. 
(J  Inhere  is  a  track  along  the  foot  of  Idlecombe  Down,  leading 
j|^  west  to  the  British  Village,  and  following  the  300  contour- 
f^^^-  On  the  northern  side  of  the  path  there  is  an  exposure  of  a 
^^^  inches  of  yellow  nodular  chalk  in  which  we  found  only  Tere- 
X^  ^^^9dla  semiglobosa  and  Spondylus  spinosus.     We  have  no  hesita- 

•^   in  referring  it,  however,  to  the  zone  of  Holaster  planus. 
;^  ^r.  Strahan  (op.  cit.^  p.  86)  says,  "  There  are  sections  of  Upper 

tw  ^    Middle  Chalk  close  together  in  a  lane  leading  up  the  hill  to 
j^  ^     north-west  from   Bowcombe,    but  no  section  of  the  Chalk 


c^^^^^H^lc."     It  is  probable  that  the  section  was  more  recent  and  IcbS 
^•^  ^*"grown  when  Mr.  Strahan  saw  it,  though  we  had  the  advantage 
^^eing  the  little  pit  above  the  gate. 
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Idlecombe. 

PI  r     Mr.  «/;  trr^r^\         ^  Small  pit  Oil  thc  Idlecombe  Dowii» 

FM  cJj  ^"  ^^^  ^^^^^  ^^^^  ^^  ^^^  Roman  Road, 

L    '         J  with  a  very  poor  surface.     The  flints  are 

milky-white,  with  thin   white  cortices.       We  found   Micraster 

cor-anguinutn  and  an  abundance  of  Inoceramus  cuvieri^  so  there  is 

not  much  doubt  ab)out  the  zone. 

PI  C     No  87  r  ^06)         South  of  No.  86,  with,  if  possible,  an 
FM         1  ^^^"   worse  exposure,  is  another  pit  in 

L    .  c.-a.j  ^j^^  same  zone.     We  obtained  EMnocarys 

scuicUus  of  the  shape-variation  peculiar  to  this  zone,  and 
there  was  the  same  abundance  of  Inoceramus  cuvieri.  Flints 
the  same  as  in  No.  86,  though  some  of  them  are  of  a  pinkish 
tinge. 

ROWRIDGE,      SWAINTONDOWN       GaTE,        LlTTLE       DoWN,      AND- 

Newbarn  Down. 
PI.  C.  of  our  Map.      |      Sheet  of  the  6-inch  Ordnance  Survey  94  S.E. 

Rowridge. 

PI  r      N      ^  (       \         Crossing  the  Roman  Road  we  strike 
FM  CL     ^  northwards  to  Rowridge  Farm,  where  we 

*■*'-'  find  a  small  pit  with  hardly  any  exposure. 

Flints  are  pinkish  grey,  with  thick  pink  or  white  cortices.  The 
only  fossil  found  was  Inoceramus  cuvieri^  and  that  was  abundant 
We  have  no  doubt  as  to  the  horizon  of  this  pit,  even  though 
direct  zoological  evidence  is  lacking. 

PI  r     N       8  ^       \         Another     small     pit,     north-west     of 
FM         T  Rowridge    Farm.        The    surfaces    were 

^    '     "^'J  much  obscured   by  down  wash   from   the 

soil-cap.  Flints  are  black,  a  few  being  pinkish,  with  thin 
cortices.  One  example  of  Micraster  cor-anguinum  found,  and 
Inoceramus  cuvieri  abundant.  This  pit  is  very  near  the  junction 
with  the  C/intacrinus-band,  but  the  crinoid  was  not  found. 


Swaintondown   Gate. 

pj   ,,     j^  /^cc  ^  Swaintondown  Gate  is  a  farm  south- 

fU  ^^  '^^°^'   west  of  Rowridge  Farm,  and  as  it  stands 
'•    'J  on   the     highest    level    which   we    have 

worked  in  this  area  of  the  Central  Mass  we  were  in  hopes  that 
it  would  give  us  a  higher  horizon.  We  found  only  a  small 
disused  pit  with  a  few  inches  of  chalk  below  the  turf  and 
loose  chalk  on  the  grass  slope.     The  flints  are  black,  with  thin 
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i  cortices.  By  dint  of  handling  the  bulk  of  the  loose 
:,  we  found  a  number  of  plates  of  Uiniacriiau  and  the 
ilshaped  columnar  of  Bourgueticrinus, 

•  No  ot  ^coo)  Another  small  disused  jMt,  north  of 
'       ru  I  Swaintondown   Gate,  with  trees  growing 

^    '^  in  it,  and  with  the    same     few  inches 

tialk  below  the  turf  and  the  loose  fragments  on  the  grass 

&  By  breaking  up  the  chalk  we  found  several  plates  of 
acriMUSf  and  Rhynchonella  reedensis. 

Newbam. 

"     No  Qi  (rioS         '^^  "^'^  P*^  '^  *  ™*^^  *^'^y  ^  ^^ 

'     FA  a  1  south-west,  and  is  south-east  of  Gotten- 

L   *  ^'J  leaze.      It    is    small    and    with  a  poor 

Lce,  and  fossils  are  very  scarce.     The  flints  are  large,  grey, 

thin   milky  cortices.      We  found  two  crushed  examples 

Uhinocarys  scutatus  and  one  columnar  of  Baurgueticrinus  of 

ihape-variations  suggestive  of  this  zone. 

^    ^         /       X         Half  a  mile  north-east  of  No.  91  is  a 

'•  rT-  94  V4oo;.  ^^us^^  pj^  with  I  ft.  of  broken  chalk  below 

L^  q-J  the  turf.     Flints  are  black  with  thin  white 

ices.    Our  only  fossil  was  Echinacorys  scutatus  of  the  shape- 

*tion  characteristic  of  the  zone. 

Little  Down. 

^         ^       V  A  large  freshly-made  heap  of  chalk  from 

•  r?  B  9^1^^^^*  the  excavation   for    Calbourne    Reservoir. 
\(  u.  m.j  Flints  milky,  with  thin  milky  cortices.     The 

'   is  clean  and  rain-washed,  but  singularly  barren  of  fossils. 

fragments  of  Echinocorys  were  found,  but  nothing  distinctive 

5one.     There  can  be  little  doubt,  however,  that  it  lies  within 

"^ucronata-zon^ 

^      ,  .       V  Due  east  of  No.  90  is  a  small  pit  with 

FA    ^  1  21  good   surface   but   exhibiting  a    strange 

L    *  ^'  *  rarity  of  fossils.     Flints  black,  with  thick 

•  cortices.  The  only  fossil  of  a  distinctive  nature  was  an 
pie  of  the  Cribrilina  generally  associated  with  the  quadratus- 
^  We  incline,  therefore,  to  this  horizon,  for  the  position  on 
Clap  would  seem  to  make  the  age  quite  clear.  In  our  anxiety 
Id  more  definite  evidence  we  paid  two  visits  to  this  pit. 

^         ^       N  To  the  north-west  of  No.  96  is  a  pit  of 

\^  95  \300/-  fair  size  with  some  exposure  at  the  top  of  a 

L  *  ^'J  steep  talus.     Flints  are  black  with  pinkish 

and  with  cortices  often  pink  and  moderately  thick.     Fossils 

Very  scarce.     Mr.   Jukes-Browne  {pp.  cit,^  vol.   iii,   p.  94) 


The  Carisbrooke  Area,  including  Mount  ^ 
Pan  Down. 

^^our  Map^^*  ^'  °^  I  ^^^^^  °^  ^^^  ^'^^^^  Ordnance  Survey. 

Mount  Joy. 

T>i  n   M^  *^r/,-rN         ^  ^^^g^  quarry  in  White  Pit 
i^LU.  ISO.  105(175;.  ^Qrking  kiln.     Flints  are  greyi 
L   •  "^-J  ^itjj  thin  white  cortices.     We 

one  example  of  Belemnitella  mucronata  and  three 
shaped,  and  laterally  compressed  forms  of  Echinoa 
similar  to  those  obtained  in  Pit  No.  66  and  at 
Mr.  Jukes-Browne  (op,  city  vol.  iii,  p.  91)  mentions  1 
fossils  are  very  scarce  here,  and  that  both  Mr 
Mr.  Griffith,  for  want  of  zoological  evidence,  place 
tentatively  in  the  zone  of  Micraster  cor-anguinum, 
position  of  the  pit  would  make  such  a  horizon  unlik 
evidence  from  fossils  now  obtained  places  the  quesi 
beyond  doubt. 

Ill  T-.   XT  /       \         On  the  south  side  of  Moi 

Pl.D.  No.  104(200).  f        J-  '       '      a- 

r^      V"       '    quarry  of  medmm  size   m   fli 

»-    '  ^*J  with  a  well-weathered  surface.    1 

chalk  from  this  pit  in  the  kiln  of  No.  105.     Jnoceram 

is  abundant,  and   we  also  obtained  Rhynchonella 

Discoidea  dixoni,     Mr.  Strahan  mentions  this  pit  (^ 

but  gives  no  fossils. 

p.  y^     ^  /       N  At  the  south-west  end  of 

^'li^-    ^2:  5^  V2oo|  and  to  the  east  of  the  Castle,  ii 

[rt.p..  i.g..±c.aj    fg^gQQ^j  pits  in  the  whole  isla 


yield   many  fossils,  but   from  a  list  of  thirteen  species   we  select 
!Terebratulina     gmdliSy     Echinoconus    subrotundus^    Ammonites 

^^ramplus^  Kadiolites  mortani  and  Nautilus, 

We  only  found  twenty-one  species  in  the  zone  of  Holaster 
^^/anuSj  but  among  them  we  note  Holaster  planus^  Micraster  leskei, 
^^ficr€uter  car-baviSy  the  characteristic  shape- variation  oiEchinocorys^ 
.^^chimoconus  vulgaris^  Cyphosoma  radiatuMy  Rhynckonella  cuvieriy 

^^erebratulina  gracilis^  Terebratula  camea^  Terebratula  semiglobosa^ 
^^noceramus  bnmgmarti  and  Bicavea  rotaformis. 

The  siliceous  nodules  were  found  in  situ  in  the  graalis-beiis 
^mnd  the  "spurious  Chalk  Rock,"  together  with  the  "black  marl- 
^njaund"  and  "grey  marl-band,"  were  well  displayed.  The  "black 
^rvuurl-band"  can  here  be  readily  traced,  as  in  pit  No.  77,  right  across 
-^lie  northern  wall  of  this  quarry  by  means  of  the  line  of  vegetation 
^^rowing  on  it  Mr.  Strahan  (dp,  at.,  p.  86)  gives  detailed  measure- 
^r^ents  of  the  section,  and  in  speaking  of  the  obvious  fault  says : 

^  ^  The  fault  runs  W.  1 5*  S.,  very  nearly  along  the  strike  of  the  strata 
-^^hich  it  throws  down  to  the  north,  its  effect  being  to  depress  out 

^:>^  sight  an  unknown  thickness  of  the  upper  beds  of  the  Middle 

^I^ba&.     The  Dip  points  a  little  west  of  north  at  42'^."    The 

^xli'ceous  nodules  are  situated  in  the  north-east  comer  of  the 

qmaarry. 

Pan   Down. 

^L  ID    No  40^200)         ^^^^   ^^  ^^^   ^^^  ^^^^^   ^"^"^''   ^^^ 

Ft^  a      1        largest  and  most  actively   worked   in   the 

L-is.  m. :  A.  q.j        j^j^^^      ^j^.   jukes-Browne  (op  cit.,  vol.  iii, 

^     ^3)   records    both  BeUmmtella  mucronata   and  Actinocamax 

^^^^^Mratus  from  this  pit  on  the  evidence  of  Mr.  C.  Griffith  and 

~^*"-    R.  M.  Br)'done,  and  the  former  belemnite  is  fairiy  abundant ; 

^^"t      though  we  made  diligent  search  for  it  in  ever}*  accessible 

P^*~tion  of  the  south  side  of  the  pit  on  two  occasions  we  never 

*^^^     the  good  fortune  to  find  the  latter,  nor  had  the  workmen 

^J^y    at  the  time  of  our  visits.     The  foreman  is  quite  familiar  with 

tn^      two  forms   and   says   that  the   smaller  form    {Actinocamax 

^^^^^ratus)  is  very  rare,  and  is  only  found  at  the  southern  side 

^*     tte  pit     The  exposure  on   this  side  of  the  quarr>-  is  very 

'^^^^^'"i  and  we  could  obtain   no  evidence  of  a  fauna  indicative 

^*    ^^t  quadraiuS'Zont.     Whether  there  be  here,  as  in  pit  No.  1, 

^*^    intermingling  of  the  two  belemnites  at  the  lower  limit  of  the 

yU^^^ata-Txyniiy  or  an  actual  junction,  with  limitation  of  the  two 

?^*diinites  to  their  respective  zones,  we  know  not ;  nor  have 

^,  ?"-  Griffith  and  Mr.  Br>'done  any  more  conclusive  evidence  on 

^^1^  .point,  as   their  specimens  of  Actinocamax  quadratus  were 

^^Hed  from  the  workmen. 

'^e  collected    twenty-three  species   in   the   mucronatazone. 
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including  BeUmnitella  mucranata^  the  small  pyramidal  form  of 
Echinocarysy  as  well  as  the  very  large  pointed  form  similar  to  that 
in  the  Norwich  chalk,  Cardiaster  piiiuia^  Magas  pumihis^ 
Rhynchonella  itmbata  and  Farina  filifarmis.  The  examples  of 
Magas  pumilus  and  Cardiaster  pillula  were  found  together  at 
the  highest  part  of  the  northern  wall  of  the  pit,  close  to  the 
Tertiary  junction.  We  mention  this  to  show  that  the  latter 
fossil  in  no  way  indicates  the  presence  of  quadratus-K^ca^  in  this 
island.  The  only  time  that  the  southern  wall  of  the  pit  can  be 
examined  in  comfort  in  when  the  workmen  are  absent,  as  blasting 
operations  are  constantly  going  on. 

PI  n  V         I      \         ^"   ^^^  south  side  of  the   Down,  and 
[C'u\  ^^^^  °^  ^^^  Standen  farm,  is  a  large  quarry 

^   '      '-I  with  a  working  kiln.     The  workmen  do  not 

keep  the  fossils. 

Carisbrooke. 

p,  P  /       V  Mr.  Strahan  (op,  at.,  p.  86),  speaking  of  the 

^'-  '^r^^^  y  °°^-  Middle  Chalk,  says,  "  We  first  see  it  in  a  cutting 
'-    *  ^ -'  where  three  lanes  meet  at  Clatterford.     Thence 

it  runs  along  the  south  front  of  the  hill  on  which  the  castle  stands 
...  to  a  quarry  near  the  Convent."  At  the  time  of  our  visit 
there  was  a  small  bank  exposure  with  yellowish,  nodular  and 
fiintless  chalk,  and  the  same  was  seen  in  the  footpath  leading  to 
the  castle,  but  the  "  Spurious  Chalk  Rock  "  was  not  seen,  though 
we  broke  down  the  surface  freely  with  a  hammer,  nor  could  we 
find  any  fossil.  The  horizon  is,  therefore,  speculative,  but  we 
prefer  to  place  it  in  the  upper  part  of  the  grad/is-beds  rather  than 
in  the  extreme  base  of  the  zone  of  Holaster  planus. 
pj  p  j^  South  of  the  Lukely  Brook  and  below  the  loo 

rVj      .|'°^"  contour-line  is  a  small  disused  pit  in  fiintless  chalk. 

L  .  s.j  r^y^^  chalk  is  covered  with  dust  and  no  fossils 
could  be  found ;  but  it  breaks  with  a  fracture  resembling  that  of 
the  zone  of  Holaster  subglobosus^  and,  when  placed  on  the  tongue, 
has  the  distinctive  taste  of  clay. 

PI   r   Vn  I       \         ^"  ^^  western  outskirts  of  Clatterford, 

FM  c°t."'  ^"^  ^"  the  west  side  of  the  ShorweU  Road, 

•■'*-'  is  a  pit  of  moderate  size  in  which  is  situ- 

ated the  garden  of  Bowcombe  Bam  Farm.  As  the  pit  has  long 
been  disused  the  surface  is  not  inviting,  but  zonal  evidence  is  not 
wanting,  for  Micrasier  cor-iestudinarium  and  Micraster  prtt- 
cursor  of  the  group-form  characteristic  of  this  zone  are  abundant, 
especially  the  former.  The  flints  are  solid  and  black,  and  have 
thin  white  cortices.  It  is  curious  that  this  pit,  situated  as  it  is  on 
an  interesting  zonal  level  of  the  Down,  has  escaped  the  notice  of 
previous  writers.  This  is  only  the  second  exposure  in  the  Island 
in  which  this  zone  is  exhibited. 
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^    ,     ,       V  Following  the  Shorwdl  Road  to  the  south 

<^  64  (400>.  ^^  ascend  the  Down  at  VVhiteland  Homestead 
[A.  q.J  ^jjj  ^g  resLch  its  crest,  and  there  on  the  400 

our-line  is  a  small  abandoned  pit  with  a  few  inches  of  chalk 
w  the  turf  and  scattered  chalk  on  the  grass.  The  only  fossils 
found  were  Rhynchonella  plicatilis^  Jnoceramus  cuvieri  and 
ta  vesicularis^  and  these  only  by  handling  all  the  scattered 
k  and  breaking  up  the  larger  pieces.  From  its  position,  how- 
,  there  cannot  be  much  doubt  that  the  horizon  which  we 
is  correct.  We  place  it  in  the  base  of  the  zone. 
'•XT  £.1  ^  \  ^^  ™^y  ^  ^^  ^'  ^"^  ^^^  ^*"^  ^*  "^^  * 
"       ru  1  P^^  ^"^  ^^  unmetalled  cart-track  leading 

L^'J  down  to  Whiteland  Homestead,  with  lumps 

dialk  exposed  therein  at  intervals.  As  we  descended  the 
c  we  broke  up  the  surface  with  our  hammers  in  the  hope  of 
lug  MarsupiteSy  but  without  result.  However,  in  the  position 
rhich  we  ought  to  find  Uintacrinus  that  most  valuable  little 
e^fossil  was  obtained.  Towards  the  bottom  of  the  lane  we 
id  the  nodular  chalk  of  the  Holaster planusixm^,  and  lower 
D  the  ^a^7i>-chalk  was  seen,  but  we  could  not  detect  the 
tence  of  the  "spurious  Chalk  Rock."  The  Chalk  Rock  line, 
ever,  on  the  i-inch  map  coloured  geologically  is  drawn  through 
:  and  is  in  the  correct  position.  Possibly  this  lane  gave  a  good 
ion  in  past  years. 


Summary  of  Information  Concerning  Chalk  Pits. 

So  many  of  the  pits  are  useless  to  the  collector  that  we  have 
aght  it  worth  while  to  bring  into  tabular  form  those  pits  which 
of  interest,  either  from  the  standpoint  of  prominent  lithologi- 
features,  or  for  the  occurence  of  important  zonal  fossils.     In 
ttion  to  the  latter,  it  may  be  said  at  once  that  none  of  the 
Ltries,  save  Nos.  20,  27,  51  and  77,  are  richly  fossiliferous,  and 
t  those  which  display  the  lower  two  thirds  of  the  gracilish^As^ 
I  the  zones  Micraster  car-testudinariuniy  Micr aster  cor-anguinum^ 
^^piUs  testudinarius  and  Actinocamax  quadraius^  though  the 
rt  in  the  island,  are  poor  compared  with  the  standard  of  other 
i  more  favoured  localities  on   the  mainland.     The  numbers 
^  refer  to  the  number  of  the  pit  quoted. 
Sections  Showing  the  "  Spurious  Chalk  Rock  "  and  the 
f;ACK  Marl-band." — 19  Arreton,  37  Brading,  13  Shalcombe, 
^^^^brooke,  77  Mottistone,  the  Military  Road  at  Freshwater, 
^Compton  Bay  and  Culver  Cliff  on  the  coast. 
^HcrioNS  Showing  the  White  Siliceous  Nodules. — The 
^?J7  Road  at  Freshwater,  13  Shalcombe,  51  Carisbrooke,  77 
^stone,  and  Compton  Bay  on  the  coast. 
'Mictions  Yielding  Cardiaster  pillula, — 3  and  4  Afton,  14 
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Shalcombe,  69  Westover,  49  Shide,  99  Apes  Down,  41  I 
ing  Station,  and  Scratchell's  Bay  and  Alum  Bay  on  the  coast 

Sections  Yielding  Actinocamax  quadratus, — 1  Freshwat 
Afton,  41  Brading  Station,  and  at  Culver  Cliff  and  Scratcl 
Bay  on  the  coast. 

Sections  Yielding  Actinocamax  granulatus, — 40  Bembr 
and  at  Culver  Cliff  and  ScratchelFs  Bay  on  the  coast. 

Sections  Yielding  Bicavea  rotaformis, — The  Military  ] 
at  Freshwater,  13  Shalcombe,  19  and  20  Arreton,  37  Bradinj 
Carisbrooke,  and  at  Compton  Bay  and  Culver  Cliff  on  the  c 

Sections  Yielding  Afagas  pumilus, — i  and  2  Freshw 
49  Shide,  9  High  Down,  95  Little  Down,  and  at  Alum  Baj 
the  coast. 

The  list  of  quarries  given  below  is  on  the  whole  the  best  w 
we  can  compile  for  the  display  of  the  various  zones  : — 

B,  m. — I  Freshwater  and  49  Shide. 

A.  q. — 14  Shalcombe. 

M. — 40  Bembridge  and  21  Downend. 

U, — 40  Bembridf  e. 

M,  f.-<f.— 36  Brading  and  65  Bowcombe. 

M.  c.-t. — loi  Carisbrcx>ke. 

H.p, — 20  Arreton,  37  Brading,  51  Mount  Joy,  and  77  Mottistone. 

T.g, — 37  Brading,  51  Mount  Joy,  and  77  Mottistone. 

J^.  c. — 27  Mersley  and  104  Mount  Joy. 


Measurements. 

It  will  facilitate  reference  if  we  bring  together  in  tabular 
the  measurements  which  we  record  for  the  eastern  and  we 
ends  of  the  island.  Mr.  Ernest  Westlake  took  infinite  ] 
to  ensure  their  accuracy,  and  we  give  them,  in  full  confid 
that  they  will  be  found  to  be  substantially  correct. 

The  comparison  between  the  eastern  and  western  ends  0 
island  would  have  been  of  greater  interest  had  we  been 
in  the  former  area  to  obtain  zonal  junctions  from  the  zoi 
Rhynchonella  cuvieri  to  that  of  Micraster  cor-anguinum.  1 
ever,  by  working  at  low  tides,  and  by  dint  of  wading 
swimming,  Mr.  Westlake  managed  to  get  a  combined  mea 
ment  across  the  reefs  from  the  top  of  the  marls  of  Actinod 
pknus  in  Sandown  Bay  to  the  junction  of  the  zone  of  Mio 
cor-anguinum  with  the  Uintacrinus-hzx\d  in  the  recess  01 
north  side  of  the  White  Horse  at  the  Culver.  The 
junction,  it  will  be  remembered,  is  not  a  definite  one,  as 
had  been  a  fall  of  chalk  there  before  our  arrival,  and  the  c 
that  point  was  so  obscured  by  dust  that  fossils  could  not  be 
In  any  case,  the  junction  which  we  fixed,  corresponding 
the  north  side  of  the  incipient  Grand  Arch  before  menti 
is  sufficently  close  to  be  of  value  in  making  a  calculation. 
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^i".  Westlake  fixes  the  thickness  of  the  portion  of  the  zones  which 

^e  could  not  measure  in  the  cliff  (base  of  A  cuvieri  to  top  of  M,  cor- 

^^S^inum)  at  568  ft.     This,  added  to  the  645  ft.  obtained  by 

actual  measurement  of  the  beds  above  the  Micrasier  cor-angutnum- 

^De,  gives  a  total  thickness  for  the  eastern  end  of  1,213  f^- 

^^  ^e  take  the  measured  thickness  of  the  beds  in  the  western 

end  of  the  island,  from  the  top  of  the  Micraster  cor-anguinuni" 

^pe  downwards,   which  comes  to   572   ft.    10  ins.,  and  add 

^^is  to  the  sum  of  the  higher  measured  beds  in  the  eastern  end, 

^^  have  a  total  of  1,217  f^-  ^o  '^^s.,  as  against  the  measurement 

^^  1,213  ^^-  j^t  given.     The  two  totals,  estimated  in  this  way, 

are  only  five  feet  apart 

Comparing    now    the  eastern    and  western    measurements, 

^respectively  1,213  ft.  and  1,471  ft,  we  find  a  difference  of  258  ft 

in  favour  of  the  western  end  ;  and  putting  aside  the  variation  in 

fhickness  of  the  lespective  zones,  it  is  clear  that  the  chief  factor 

m    the  discrepancy  lies  in  the  larger  thickness  of  the  mucronata- 

chalk  at  the  Needles — a  difference  of  no  less  than  325  ft     By 

subtracting  this  325  ft.  from  the  western  total  of  1,471  ft.  we 

re<iuce  it  to  1,146  ft. ;  and  subtracting  the  last  figures  from  the 

eastern  total  of  1,213  ft  we  find  that  there  is  a  balance  of  67  ft. 

in  favour  of  the  eastern  end  of  the  island.    This  is  as  close  as  we 

could  reasonably   expect   to   get,   and   bears   out   our   opinion 

expressed  before  the  measurements   were  completed,   that  the 

eastern  measurements  would  work  out  as  high,  if  not  higher,  than 

tbose  of  the  western  series. 

The  thickness  of  the  mucronata-^2^  varies  greatly  along  the 
northern  margin  of  the  Chalk  Ridge  and  testifies  to  an  amount 
of  pre-Tertiary  denudation  which  it  would  be  impossible  to 
anticipate.  For  instance,  at  pits  Nos.  11  High  Down,  4  and  8 
Afton  Down,  and  23  Mersley  Down  the  ^//^^ra/«/i"-chalk,  to  the 
^st  of  our  belief,  has  a  junction  with  the  Tertiaries ;  while  in 
pits  Nos.  10  High  Down,  60  Carisbrooke,  19  Pan  Down  and  46 
Ashey  Down,  only  a  comparatively  thin  layer  of  w//rr^/irt/i7-chalk 
ii^tervenes  between  the  quadratits-^dX^  and  the  Eocene. 


Table  of  Measurements. 


Western  end. 

^e  of  BelemniUlla  mucronata 
"        Actinocamax  quadratus 
"        Marsupitis  testudtnarius 
CJintacirinus 
Micraster  cor-anguinum 
MicrasUr  cor-Ustudinarium 
-^olofier  planus 
Tirebratulina  gracilis  . 
<fikynckonilla  cuvieri 


ft 

47S 

343 

47 

34 

310 

52 

59 

64 

84 


in. 
o 

o 

o  / 

6) 

o 

9 

9 

9 

7 


Eastern  end. 


81     6 


■572  10 


150] 
400 1 

53' 


ft. 


645 


568 


ft 


645 


568 


Total 


M7I  10 


Total 


1,2x3 
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Mr.  Strahan  {op,  cit,^  p.  75)  gives  a  measurement  0 
1,536  ft.  for  the  White  Chalk  at  the  Culver,  but  the  thicl 
the  chalk-with-fiints,  which  is  given  as  1,350  ft.,  is  obta 
estimation  and  not  by  direct  measurement;  while  the 
chalk,  about  188  ft.,  was  measured  bed  by  bed  to  the  has 
Rhynchonella  cuvteri-zone, 

Mr.  Jukes-Browne,  on  the  other  hand  (op,  cit^  vol.  iii. 
bases  his  estimate  on  a  section  drawn  through  Arreton 
and  gives  a  total  of  1,240  ft.,  and  he  considers  Mr.  S 
figures  as  rather  too  high.  In  this  opinion  we  entirely 
Mr.  Jukes-Browne  apportions  his  zonal  estimate  as 
They  are  suppositional  estimates,  and  not  direct  measui 
and  are  probably  based  on  the  figures  given  for  the  < 
Dorset. 


Zone  of  BtUmnittlla  mucronata 

yy      Actmocamax  quadratus 

„       MarsupiU$  testudinarius 

,,       MkrasUr  cor-anguinum 

„      MicrasUr  cor-Usiudinarifim  and  HolasUr  planus 

Total 

It  will  be  noted  that  Mr.  Jukes-Browne's  estimate 
zones  of  Micraster  cor-anguinum  and  Actinocamax  q\ 
are  practically  identical  with  our  actual  measuremei 
that  those  for  the  combined  zones  of  Micraster  cor-testud 
and  Holaster  planus  are  twenty-two  and  a  half  feet  1< 
those  which  we  record.  On  referring  to  the  Geological 
Memoir  on  the  Cretaceous  Rocks,  vol.  ii,  p.  413,  we 
measurement  given  for  the  zones  of  Rhynchonella  cuv. 
Ttrebratulina  gracilis  of  151  feet  at  Compton  Bay,  a 
added  to  the  1,240  ft.  for  the  remaining  zones  gives  a 
i>39i  ft-i  or  186  ft.  in  excess  of  our  result. 

A  comparison  of  our  measurements  here  with  t 
the  Dorset  Coast  will  clearly  be  of  interest,  and  these 
are  73  ft.  in  excess  of  our  figures  in  the  Isle  of  Wigl 
measurements  selected  from  our  paper  on  the  Dorse 
are  those  which  we  believe  to  be  the  most  accurate.  ' 
as  follows : 


Zone  of  BiUmnitella  mucronata 

„  Actinocamax  quadratus 

„  Marsupites  testudinarius 

„  Uiniacrinus 

„  Micraster  cor-anguinum 

,,  Micraster  cor-testudinarium 

„  Holaster  planus   , 

„  Terebratulina  gracilis  , 

„  Rhynchonella  cuvieri    . 


ft. 
289  (250- 
350 

240 
1x3 

51 

58 

76 


Total    .        .        1,288  ft. 
'  White  Chalk  oi  the  English  Coast."    Proc,  Geol  Assoc.,  xvi  (x).  p.  4 
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That  there  is  some  difficulty  in  arriving  at  a  definite 
measurement  in  rocks  tilted  at  varying  angles  may  be  judged 
from  the  following  totals  given  by  recent  writers  on  the  chalk  of 
this  island. 

ft. 

Dr.  Barrois 950  (290  metres). 

Mr.  Strahan 1,536 

Mr.  Jukes-Browne 1,391 

Mr.  Westlake I:2I5   in  this  paper. 

We  now  revert  to  the  measurements  relating  to  pit  No.  i  at 
Freshwater  Gate,  which  we  touched  on  in  the  description  of  the 
pit.  As  the  fnucronata<ha\k  is  there  exposed,  and  as  we  get  a 
contact  between  the  zones  of  Actinocamax  guadratus  and 
^arsupites  on  the  shore,  it  is  clear  that  we  have  an  opportunity 
<>f  gauging  the  thickness  of  the  quadratus-chzW,  From  the 
junction  with  the  Eocene  to  the  southern  wall  of  pit  No.  i, 
▼herein  we  found  two  examples  of  Beiemnitelia  mucronata^  is 
^So  ft,  but  unfortunately  the  pit  is  not  cut  sufficiently  to  the 
south  to  justify  us  in  assuming  that  the  fnucronata-chz\k  is 
complete  in  its  lower  direction.  Granting  that  it  be  so,  we  have 
^^y  a  measurement  from  the  southern  wall  of  the  pit  to  the  base 
of  ihi^  quadratus'ijone  on  the  shore  of  314  ft.  At  Scratchell's 
^y  we  obtained  a  thickness  for  this  chalk  of  343  ft.,  and  at  the 
Culver  of  400  ft.,  so  that  the  Freshwater  measurement  is 
oonspicuously  less  than  either,  and  this  in  face  of  the  fact  that 
*ere  may  still  be  an  appreciable  thickness  of  mucronata-chz}k  on 
^^  Seaward  side  of  the  quarry.  We  do  not  seek  to  explain  away 
^®se  marked  variations  in  thickness,  but  simply  give  the  facts  as 
'"^y  work  out.  The  position  of  the  pits  is  indicated  on  the 
"^^P  (PL  A)  and  on  the  Key-plate  to  PL  XXI. 


LiTHOLOGICAL  SUMMARY. 

Save  for  the  indurated  nature  of  the  rock,  the  comminution 
^  flints,  the  "  spurious  Chalk  Rock/'  the  nodule-beds  at  the  top 
^lie  Marsupi/eS'b2Lnd  and  the  base  of  the  zone  of  Actinocamax 
^y^^^^iratus^  the  "  black  marl-band "  and  the  siliceous  nodules  in 
1^^  ^T/icr7/V-beds,  the  White  Chalk  of  the  Isle  of  Wight  offers  but 
j^^^  to  distinguish  it  from  that  of  southern  England.  The  same 
5  ^Vi^rated  nature  of  the  rock,  seaming  with  calcite,  and 
^^**^^tering  of  flint  was  seen  in  Dorset,  and  is  due  to  the  same 
1^^  ^-^^e— the  compression  of  rock  associated  with  the  tilting  of  beds 
^     ^^igh  angles.     Though  the  chalk  is  not  so  indurated  as  that 


Of 
Of 


un  the  area  of  disturbance  in  Dorset,  we  have  yet  to  see  a 
^^^^^  -^ion  in  the  Island  where  the  chalk  is  not  abnormally  hard,  or 
^i^^^Te  fossils  are  capable  of  being  cleaned,  save  only  the  actual 
^^tact  with  the  Eocene  at  Alum  Bay.     As  a  rule,  the  hardness 
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increases  in  direct  proportion  as  we  ascend  the  zones,  for  /^^ 

reason  that  the  stress  on  the  rocks  and  the  inclination  o£^        the 
beds  increase  in  like  manner. 

Zone  of  Rhynchonella  cuvieri. 

A  flintless  chalk  conforming  in  the  main  to  the  bed  of  ttus 
horizon  in  the  south  of  England  in  that  there  are  alternations  of 
smooth  and  nodular  chalk,  and  that  the  surface  is  rougfa,     ^t 
varying   levels,  with   fragments   of    Inoceramus    vtytiloides,     J" 
Dorset  there  was  a  band  of  nodular  flint  near  the  junction  with 
the  zone  immediately  above.     There  is  no  trace  of  a  Melbou^ 
Rock  or  Grit  bed ;  indeed,  the  actual  base  of  the  zone  is  of  * 
green-grey  colour  from  admixture  of  marl,  and  has  several  strong 
dark  marl-seams  with  reddish  nodular  inclusions  in  them,  and   i' 
is  not  until  about  8  ft.  from  the  base  that  Inoceramus  mydhCd^ 
becomes  at  all  abundant.     It  is   difficult   to  account  for  tl^^ 
frequent  allusion  to  the  Melbourn  Rock  in  the  Geology  of  t^^ 
Isle  of  Wight  {Mem,  GeoL  Survey),  for  nowhere  do  we  see  t^^ 
base  of  the  zone  undercut  and  projecting  as  a  prominent  ov^' 
hang  owing  to  the  falling  away  of  the  //?«i/j-marls ;  nor  do  '^^ 
ever  see  on  the  southern  flank  of  the  Downs  any  feature  thro^^^ 
up  to  indicate  the  position  of  this  bed.     At  Dover  the  overha  ^^6 
of  the  Grit-bed  is  a  common  and  notable  feature. 

Zone  of  Terebratulina  gracilis. 

This  is  again,  as  m  Dorset,  a  wholly  flintless  chalk,  and  is 
counterpart  of  the  same  zone  in  the  southern  counties  in  that  t^^^V^ 
chalk,  though  white,  is  finely  veined  with  marl,  and  marly  parting    ^^ 
are,  as  usual,  a  conspicuous  feature.     It  is  towards  the  top  of  tt"^^ 
zone  that  Mr.  Whitaker's  "Chalk  Rock"  occurs— a  notable  N^^^ 


of  yellow  or  green  nodules  in  a  rugged  yellow  matrix.     It  fon 
a  conspicuous  feature  in  the  cliffs  and  quarries,  and  is  most  usel 
as  a  rough  guide  to  horizon.     Still  nearer  the  top  of  the  zone  ^ 
find  the  "  black  marl-band  "  which  was  first  pointed  out  by  F 
Barrois,  and  save  only  for  the  "  black  band  "  in  Yorkshire,  whic 
the  local  equivalent  of  the//f«wj-marls,  we  know  of  no  other  bla^ 
marl-band  in  the  White  Chalk.     Curiously  enough,  it  never  sho 
up  as  black  in  colour  on  the  coast,  but   it  is  invariably  bla 
inland,   and   can    always   be  traced  by  the   line  of  vegetate 
growing  on  it  on  account  of  the  greater  moisture  held  in  the  cl 
The  position  of  these  two  features  is  found  in  the  description 
this  zone  in  Compton  Bay,  and  is  indicated  on  the  Key-plate 
Pis.  XXII  and  XXIII. 

But  the  chief  interest  in  this  zone  lies  in  the  distribution  : . 

transitional  stages  of  silica.     We  have  called  this  a  flintless  cta^  ^^3^ 
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?^d  SO  it  is,  save  for  two  singular  bands  of  siliceous  nodules  bedded 
*^    marl-seams  and  situated  about  37^  ft.  from  the  top  of  this 
f*^ne.    Mr.  Strahan  records  these  nodules  in   his  Memoir,  for 
"^  says  (op,  city  p.  77)  "but  below  the  lowest  flint  there  occur 
modules  of  hard  siliceous  chalk,  having  the  form  of  flints  but  the 
tocture  of  chalk."    They  are  so  like  flints  that  when  we  first  saw 
<>ne  we  gave  it  a  blow  with  the  hammer,  thinking  that  it  was  a 
yhite  flint,  and  were  surprised  to  find  the  hammer  cut  into  it  as  if 
*t  Were  chalk.     When  we  were  working  in  pit  No.  5 1  we  asked 
^he  foreman  if  he  had  seen  them  before,  and  he  replied,  "  Yes,  I 
know  them  well.     They  won't   burn";  and  in  support  of  his 
statement  brought  out  two  which  had  been  in  the  kiln,  with  the 
result  that  they  were  vitrified.     The  curious  part  of  the  distribu- 
ton  of  silica  is  that  there  is  rather  more  than  40  ft.  of  flintless 
^^^k  intervening  between  the  siliceous  nodules  and  the  first  bed 
of  hard  flint  in  the  zone  of  Holaster  planus.     But  these  flints, 
nearly  always,  in  the  Island,  of  the  nature  described,  are  remarkable, 
^ey  ring  to  the  hammer  like  an  ordinary  flint,  but  they  are  al- 
•nost  white  from  cortex  to  centre,  and  quite  solid.     Some  get 
peyer  towards  the  centre,  and  others  are  white  throughout,  save 
w  ^ttle  greyish  areas  irregularly  distributed.    Above  this  bed  the 
Jjj^^  gradually  assume  the  ordinary  appearance,  ranging  in  colour 
froni  grey  to  black,  with  thick  white  or  grey  cortices,  and  they  are 
^Hd  and  but  little  crushed.     So  white  are  the  flints  in  the  lowest 
^|nt-course  in  the  zone  of  Holaster  planus  that  they  show  up 
Pfainly  in  PL  XXII  of  pit  No.  37,  where  they  are  indicated  on  the 
/Cey.piate.     In  the  island  an  uncrushed  example  of  Echinocorys 
^  One  of  the  rarest  occurrences.      Our  few  comparatively  perfect 
^P^imens  are   in-filled   with  flint.     Though  by  no  means  con- 
clusive proof,  it  is  evidence  which  points  in  the  direction  of  the 
^^umption  that  the  silica  had  in-filled  the  hollow  tests  of  these 
^rchins  in  the  earlier  stages  of  the  history  of  the  Chalk,  either 
^fore  it  had  been  elevated,  or  in  any  case  before  it  had  the  later 
^^ng  in  Tertiary    times.      It  certainly  looks   as   if  the   solid 
"jnt    mould   had   prevented   that    crushing    and   distortion,    so 
obvious  in  the  case  of  the  other  urchins  which,  by  reason  of  the 
absence  of  the  solid  core  of  flint,  were  less  able  to  off'er  resistance 
to  the  interstitial  movements  in  the  rock. 

^ErORT    ON   A  WHITE  SILICEOUS  NODULE. 

By  GEORGE  THURLAND   PRIOR,    M.A.,   D.Sc,  F.G.S. 

(Q  '^^  nodule  from  the  gracilis-\nt^%^  Compton  Bay,  submitted 
silif^^  for  examination  by  Dr.  Rowe,  consists  of  fairly  pure 
^'h*ca  ^^^^  ®"^y  traces  of  calcareous  material.  Very  little  soluble 
of  g  ^^^  extracted  by  prolonged  digestion  with  a  strong  solution 
Puq  ^i\im  carbonate.  No  phosphate  was  detected  in  the  brown 
*  ^EOL.  Assoc,  Vol.  XX,  Part  4,  1908.]  21 
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surface  matter.  Under  the  microscope  a  thin  slice  shows  with 
I -inch  objective  and  between  crossed  nicols  only  one  or  two  in- 
distinct calcareous  remains  of  organisms,  and  here  and  there 
minute  flakes  of  quartz.  With  a  j-inch  objective  the  section 
shows  between  crossed  nicols  a  similar  mottled  chalcedonic 
structure  to  that  observed  in  flints.  Compared  with  a  flint  from 
the  chalk  of  Margate  the  structure  of  the  nodule  only  differs  in 
being  rather  more  obscure  and  in  showing  fewer  round  patches  of 
distinctly  radiating  material.  Throughout  the  slice  very  faint 
curved  markings  suggestive  of  the  remains  of  foraminifera  can  be 
made  out.     [G.T.P.] 

Zone  of  Holaster  planus. 

As  usual,  the  chalk  of  this  zone  is  rugged  and  nodular,  of  a 
somewhat  grey  tint,  contrasting  thereby  with  the  redder  tinge  of 
the  zone  above ;  though  the  distinction  is  not  so  marked  as  in 
Dorset.  There  is  no  Chalk  Rock  in  this  zone  in  the  lithological 
sense.  The  description  of  the  flints  in  this  zone  is  given  in  the 
last  paragraph  relating  to  the  graa'/is-zone.  The  grey  tint  of  the 
zone  is  due  to  admixture  with  marl. 


Zone  of  Micraster  cor-testudinarium. 

The  chalk  of  this  zone  is  of  the  usual  rugged  nature  from  the 
presence  of  bands  of  nodular  chalk  irregularly  arranged  in  the 
smoother  and  softer  rock.  The  general  colour  of  the  zone  is 
somewhat  reddish  from  colouration  with  iron-oxide.  If  the  flints 
at  Watcombe  Bay  may  be  taken  as  an  index  of  the  rest,  they  are 
black  and  solid,  with  thin  white  cortices.  As  a  rule,  the  flints  are 
not  notably  shattered  in  this  zone,  and  they  follow  the  ordinary 
rule  of  being  arranged  in  irregular  courses.  Several  tabular  bands 
of  flint  occur  at  this  horizon. 


Zone   of  Micraster  cor-anguinum. 

Save  at  the  base  of  the  zone,  where  the  chalk  shows  severaC- 
nodular  bands  similar  to  those  on  the  Sussex  coast,  the  rock  i^ 
smooth  and  massive,  and  the  flint-lines  run  in  regular  courses^ 
The  flints  are  more  cavernous  than  in  the  zone  immediately- 
below,  and  for  the  first  time  we  find  a  definite  projX)rtion 
globular  flints,  which  frequently  enclose  remains  of  Plinihosella 
The  flints  are  slightly  pink  towards  the  surface  and  have  thL 
cortices,  but  there  is  no  invariable  rule  on  this  point.  There  a«^— 
occasional  bands  of  tabular  flint,  and  a  few  marl-seams. 
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Zone  of  Marsupites  testudinarius. 

The  chalk  is  compact  and  white,  and  the  flint  courses  are 
numerous,  but  not  so  regularly  arranged  as  in  the  zone  below. 
^G_  flints  are  solid  and  black,  and  as  a  rule  have  thick  white 
^^ces,  but  here  again  there  are  frequent  local  variations,  as  we 
P^int  out  in  the  various  sections  of  the  paper. 

Zone   of  Actinocamax  quadratus. 

A  white  massive  chalk,  with  minute  veins  of  marl  traversing 

JU  and  with  open  seams  of  the  same  material  here  and  there. 

^rona  this  faint  admixture  with  marl  the  chalk  is  not  so  white  as 

^^  zone  of  Bekmnitella  mucronata.     The  flints  at  Scratchell's 

.^y  are  black  and  solid,  and  have  thin  white  cortices,  but  there 

^    *Jo  limit  to  their  variation  in  other  sections.     Tabular  bands 

^r   flints  occur  occasionally.     It  is  mainly  in  the  flintless  area 

^    this   zone  that  the   remarkable    green    nodule-beds  of  the 

^^Iver  are  situated,  allusion  to  which  has  already  been  made 

?^   p.  245.     They  were  equally  well  displayed  in  a  freshly-made 

I'^^'^ch  at  the  top  of  Culver  Cliff ;  while  one  band  only  could  be 

pA^^cJ  at  pit  No.  40  on  Bembridge  Down,  and  none  at  Downend 

*^    (No.  21)  or  at  Scratchell's  Bay.     As  in  Dorset,  the  flints  are 

^'^^times  very  large  in  this  zone. 

Zone  of  Belemnitella  mucronata. 

j^  iTiis  is  essentially  a  pure,  white,  massive  chalk,  with  numerous 
^f^S^lar  flint  courses,  some  of  the  individual  flints  being  of 
^^^^  size ;  but  there  are  no  pot-stones  or  paramoudras.  There 
y^  ^c>  limit  to  the  variety  in  colour  of  the  flints :  at  ScratchelFs 
^T^V  they  vary  from  black  to  a  rich  umber,  and  the  cortices  are 
I^^I^^ctively  either  fawn-coloured  or  white,  the  cortex  generally 
^^^*^g  thin,  while  in  other  sections  the  body  of  the  flint  is 
^^^Ice-grey  in  tint 

Zoological  Summary. 

^^  So  many  workers  in  the  field  have  testified  to  the  usefulness 
^^  ^  fuller  discussion  of  the  zonal  fossils  in  a  summary  such 
j^^  this  that  we  have  no  hesitation  in  adopting  once  more  what 
^^^^  now  become  our  usual  t:ourse.  Moreover,  a  survey  of 
T^'^cal  zonal  faunas  is  obviously  out  of  place  in  the  description 
j^  the  various  cliff  sections,  if  only  for  the  reason  that  it  would 
^^cduce  a  mass  of  detail  which  would  obscure  the  simplicity  of 
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the  issue  before  us.  It  must  be  understood  that  the  pre.^s>4 
tabular  summary  applies  to  the  faunas  of  the  several  zones  im.  t 
Isle  of  Wight  alone.  Those  who  are  interested  in  t^h^i 
matters  will  see,  if  they  refer  to  the  previous  summaries  iim  t 
four  divisions  of  this  work,  that  there  are  often  wide  divergenc 
in  the  critical  faunas  of  the  counties  in  question.  After  sl 
however,  this  is  only  what  we  should  expect  to  find,  for  Nature 
operations  in  the  present  are  only  an  echo  of  those  in  the  psisi 
and  however  great  the  variations  in  the  zonal  guide-fossils  mst] 
appear  to  be,  this  very  variation  is  the  strongest  testimony  to  tht 
validity  of  the  zonal  theory ;  for  comparatively  small  \'ariations  ic 
depth  of  sea  and  in  temperature  and  strength  of  currents  will  caii^^ 
surprising  alterations  in  a  fauna  in  areas  which  are  geographies^*^ 
as  closely  related  as  the  counties  of  Dorset,  Wiltshire,  aX*^ 
Hampshire  are  to  the  Isle  of  Wight. 

The  longer  we  work  in  the  field,  and  the  more  we  extend  c^^ 
observations  over  a  wider  area,  the  greater  is  the  vertical  raim^ 
obtained  for  guide-fossils,  which  were  once  thought  to  ha-"^ 
much  more  restricted  zonal  limits.  This,  again,  is  only  natur^^ 
but  the  fact  is  of  importance  in  that  it  tends  to  bridge  0^^^ 
apparently  unintelligible  gaps  in  the  life  history  of  certain  fossi^^ 
For  instance,  Kingena  lima  was  supposed  to  range  from  t^^ 
upper  part  of  the  zone  of  Micraster  cor-anguinum  to  that 
Belemnitella  mucronata^  and  yet  it  existed  in  profusion  in  ttr:^ 
zone  of  Holasttr  subglobosus\  but  now  we  have  filled  in  tl"^ 
gap  and  find  that  at  the  levels  at  which  it  is  rarest  in  tk:^ 
Southern  Counties  it  is  commonest  in  Lincolnshire.  So  aga^^ 
with  Infulaster  rostratus^  a  rare  echinid  in  the  south  of  Englan"- 
ranging  from  the  zone  of  Micraster  cor-anguinum  to  that  ^ 
Actinocamax  quadratus :  but  our  investigations  in  Yorkshire  n-^ 
only  extended  its  downward  range  by  one  zone  but  showed  it 
be  locally  at  a  certain  horizon  one  of  the  commonest  of  fossiET' 
Cidaris  pieracantha,  hitherto  only  known  as  a  museum  curiosi^* 
in  the  zone  of  Holaster  subglobosus^  has  now  been  found  by 
in  the  wwrr^/i^/^z-chalk,  and  on  p.  317  we  show  how  the  g==^ 
between  these  two  distant  horizons  has  been  still  further  reduc^^ 
Other  less  important  work  in  the  same  direction  is  seen  in  tn^^ 
present  paper  in  the  increased  range  of  such  fossils  as  Cida 
ciavigera,  Cidaris  subvesiculosa^  Cardiaster  piliu/a,  Echinocof^  "" 
subrotundus^  Echinoconus  vulgaris^  He tni aster  minimus^  ^yp^  " 
soma  spatuliferum^  Ophiura^  Nautilus  cf.  atlas^  Aptyci^  ^ 
portlockiy  Rhynchonella  reedensis^  Rhynchonella  limbata,  Spond^^  ^ 
dutempleanuSj  Lima  cretacea^  Lima  decussata^  Pteria  {Avict=^^^ 
ccerulescenSj  Ostrea  wegmanniana^  Radolites  cf.  mortoni^  Plica^^^ 
barroisiy  PoUicipes  glaber,  Onchotrochus  serpentinus,  Micrab-  -^^ 
coroNula,  Podoseris  sp.,  Stephanophyllia  bowerbanki^  Ser^^^S- 
pusilla  and  Serpula  cincta.      Some  of  these  are  also  new  rec(      .^ 


;-  34  ft.  7  in. 
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Zone  of  Rhynchonella  cuviexi. 

-As  in  Dorset,  there  is  here  no  true  Melboum  Rock,  and  our 
stiEEinxary  must,  therefore,  be  one  for  fossils  common  throughout 
f^t?   zcDne: 

RhynckowfUa  cuvuri   . 
Iwoctramus  mvti/otdes 
Dtscoitua  tiixom 
HimuuUr  mtnxmus 
AmmumUs  ptrampius 
Sirfmia  avita 

^^^Tr    characteristic  fossils  are  :  Echinoconus  subrotundiis^   Car- 

^^^^^"■^•/v^wwrz^j,  Cardiaster  cretaceus  and  Sa/enia  granulosa. 

^«Ei.Te  at  the  extreme  base  of  the  bed  in  the  Island,  Rhynchonella 

^^"^^^^"^'and  Inoceramus  mytiloides  are  found  in  abundance  through- 

^\^  ^^^  zone,  but  the  latter  gets  rarer  as  we  near  the  junction  with 

^.      ^one   immediately  above.     These  are   the  only  two  fossils 

^    "^^^    we  can  always  count  on  finding  in  the  wretched  surfaces 

^^^       in  quarries  in   the   Island.     The  longer  we  work  in  the 

^       the   more  are   we  convinced    that  in    inland   sections  at 

^     ^:^te,  the  lamellibranch  as  proposed  by  Dr.   Barrois,  is  the 

_^^^    suitable  name-fossil,  both  from  its  relative  abundance,  the 

rr^^    with  which  it  catches  the  eye,  and  its  complete  restriction 

^^  zone  under  discussion. 
•  T^e  only  other  fossil  which  is  at  all  abundant  at  this  horizon 
t  ^-11  the  southern  counties  is  Discoiddii  dixoni.  It  was  not 
i^^ci  in  Yorkshire,  but  the  sections  there  are  so  poor  that  it  may 
^  ]Present.  The  disadvantage  of  its  employment  as  a  guide 
^^^^^  is  that  it  is  not  restricted  to  the  zone  in  question  ;  but 
^^  ail  that  objection  is  not  a  ver}-  cogent  one,  for  it  would 
folP-  *  "^^^  equal  force  to  Rkynchondla  cuvieri^  the  actual  name- 
j^^^J-  of  the  zone.  The  point  V5>  that  it  reaches  its  maximum 
^  ^^ItDpment  at  this  horizon.  Himiaster  minimus  shares  with 
^ J^  l^st  echinid  the  same  reproach,  and,  we  may  add,  the  same 
J."  .*^ nation,  for  it  certainly  is  commoner  here  than  at  any  other 
^  ^^^On.  Hitherto  we  have  not  obtained  it  higher  than  the  zone 
j^  -  -^^Mcraster  cor-testudinarium,  but  we  shall  shew  that  we  found 
^  *^  the  MicrasUr  cor-anguinum-LOVi^  at  the  Culver,  and  recendy 
^  .^^^ve  been  able  to  still  further  extend  its  range,  for  there  is  a 
^j^  f^preserved  example  in    Dr.    Blackmore's  beautiiul  collection 

*^'^ed  from  the  (piadratus<\xiVs.  of  Harnham,  Salisbury. 
f^^  -ftmmonites  ptrampius ^  absent  in  Dorset,  is  never  a  common 
2^*^^1,  save  at  Dover,  but  we  found  it  in  several  sections  of  this 
jj  ^  in  the  Island,  and  it  was,  as  usual,  of  large  size.  We  did 
;i^u^5  ^<5e  A.  cunntnponi  or  A.  catinus  which  we  have  before  been 
>^  ^  to  record  for  this  horizon.  We  found  yautilus  sp.  at  pit 
j^^*^5 1  Carisbrooke,  which  is  an  occurrence  of  sufficient  rarity  to 
^"^^  mention. 
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Serpula  avita  is  the  form  to  which  we  first  called  attend 
Part  iii,  Devon,  p.  34,  as  a  fossil  rigidly  confined  to  this    z 
It  is  here  found  abundantly,  as  in  all  other  southern  sections, 
is  always  attached  to  Inoceramus  mytiloides. 

In  the  Dorset  paper  we  had  to  omit  Cardiaster  pygmauT  rrcm 
the  summary,  but  here  it  comes  in  again  as  a  somewhat    ra/« 
fossil,  for  we  found  but  six  examples  in  all.     Cardiaster  creia^r^^ 
is  also  sparingly  represented  here,  and  it  will  be  remembered  t^} 
we  obtained  one  example  in  Dorset  also  ;  whereas  in  S.  Devoid  ^ 
was  abundant.  ^ 

Echinoconus  subrotundus  is  worthy  of  a  special  note,  ^^^^.^s 
the  whole  island  furnishes  us  with  but  a  solitary  example  int^^^ 
zone.     It  is  a  curious  fact  that  Desor,*  who  figures  and  descrit^^^, 
this  usually  rather  abundant  urchin,  states  that  his  single  spedm^^^^ 
on  which  Agassiz  founded  his  type,  came  from  the  Isle  of  ^ig^^%3& 
Zones  were  unknown  in  those  days,  but  it  is  strange  that  t^^J^^^ 
type  should  have  come  from  a  locality  where  it  is  so  unusua^^^^x 
rare;    and  the  matter  is  further  complicated  by  the  fact  tb^--;^^^ 
Desor's  figure  is  not  that  of  the  inflated  form  with  conspicuou^^2^.-^e 
narrow  base  (well  figured  by  Wright  in  Palaeont.  Soc.)  but  of  th    ^Z^^^ 
form  with  less  inflated  sides  and  less  contraction  of  the  base,  whi<^ 


is  characteristic  of  the^ra«7/j-beds.     We  only  found  oneexamp- 
of  Echinoconus  castanea  in  Dorset  and  none  here,  while  it 
abundant  in  S.  Devon  and  well  represented  in  Kent. 

Salenia  granulosa^   here   as  elsewhere,  is   one  of  the  foi 
which  has  little  claims  to  zonal  distinction,  as  it  ranges  from  * 
to  top  of  the  White  Chalk.     It  is,   however,  never  a  commo^ 
fossil,  and  perhaps  reaches  its  greatest  numerical  development  "^^ 
this  zone,  and  for  that  reason  we  mention  it  among  the  associate 
guide-fossils. 

Among  the  cidarites  we  record  here  for  this  zone  are  Cidai 
hirudo^  C  serrifera,  and  C.  clavigera.    The  first  is  always  commi 
and  is  the  only  cidarite  which  ranges  in  unbroken   profusl 
throughout    the     White    Chalk.      Cidaris     serrifera    we    ha' 
recorded  before  for  this  horizon,  but  it  is  never  a  common  forr^ 
and  here  we  found  only  three  examples  in  all.     Cidaris  clavigi 
on  the   other  hand,  has   never    appeared    at    this    level    in 
published  lists,  though  we  have  known  of  it  for  some  years, 
we  found  it  at  Dover,  and  we  now  quote  three  examples  fi 
Compton  Bay. 

The  remaining  groups  in  Echinoderma  call  for  little  commi 
•  We  found  here  Cyphosotna  radiatum  and  Fentacrinus  agassizi^ 
for  once  failed  to  obtain  Glyphocyphus  radiatus.  The  last  we 
thought  was  absolutely  restricted  to  this  zone,  but  we  foun* 
example  in  the  graci/is-heds  at  Whitecliff*,  Seaton,  and  Mr. 
Johnson  has  since  collected  another  high  up  in  the  same  zoi 
the  Hooken,  Beer  Head. 

•  Desor,  **  Monog.  des  GaUrites,"  p.  18, 184a, 
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Of  the  brachiopods  we  may  mention  that,  as  in  Dorset,  we  did 
not  find  here  the  fonn  which  we  know  as  Tartbtatula  semiglohosa 
lar.  albensis^  which  we  r^ard  as  somewhat  characteristic  of  the 
zone ;  but  we  record  several  examples  of  Tertbratulina  graaiis 
from  the  lower  part  of  the  zone.  Fmther  experience  shows  that 
it  always  occurs  sporadically  at  this  level. 

The  only  lamellibranchs  calling  for  notice  are  Spondyiys 
imUmpkamts  and  Teredo  amphisbana.  The  former  is  a  rare 
fossil  in  Sussex  and  Devon,  but  was  not  found  in  Dorset ;  while 
the  latter  is  usually  seen  at  this  horizon,  often  with  tubes 
measuring  a  foot  in  length.     Both  were  found  here. 

Of  the  corals,  we  record  for  the  Island  the  usual  rare  dwarfed 

form  oiFarasmilia  centralis^  and  give  a  new  record  in  Onckotrockms 

serfenHnus.    Since  the  Dorset  paper  was  published,  we  have 

found  a  considerable  number  of  this  small  rod-like  coral  at  Dover, 

and  we  once  more  met  with  it  in  the  Island,  where  it  is  quite  rare 

at  this  level     In  the  /roaVix-beds,  however,  we  shall  show  that, 

as  at  Dover  and  Beer  Head,  it  is  by  no  means  of  rare  occurrence. 

Sponges,   usually  abundant  at  this  horizon,  are  here  poorly 

Represented,   though  such  forms  as  we  find  are  characteristic, 

Neither    Craticularia  fittoni  nor    Cephaiites  were    found,  and 

CZamerospongia  was  represented  by  a  single  example. 

Another  new  record  is  that  of  Serpula  granulata^  which  we 
bdve  found  both  here  and  at  Dover.  It  is  rare  in  the  ^acilis- 
fc>eds.  Our  only  vertebrate  remains  consisted  of  a  tooth  of 
.^^^xhodus  mammillaris  at  the  Culver.  Our  note  book  shiws  a 
Imst  of  only  forty-eight  species  for  this  zone. 

Zone  of  Terebratulina  gracilis. 


Terebraiuiina  gracilis 
Micraster  cor-hox'is 
HolasUr  planus 
Inoctramus  lamarcki 
Inoctramus  hromgniarti 


'  64  ft.  9  in. 


Other  characteristic  fossils  are:  Discoidea  dixoni,  Hemiaster 
immuSf  Fentacrinus  agassizi\  Rhynchonella  cmneri^  Onchotrochus 
•^^rpenfinuSy  and  Craticularia  fittoni. 

The  name-fossil  is  always  abundant  throughout  the  zone,  so 
"^liat  the  interest  here,  as  elsewhere  in  the  southern  counties, 
^^entres  round  Echinoderma. 

Holaster  planus  is  here  abundant  in  the  upper  one-third  of  the 

^lone,  and  diminishes  in  frequency  as  we  pass  towards  the  lower 

^imit,  conforming  in  this  respect  to  the  normal  range  in  other 

Sections.     It  is  quite  as  common  in  the  lop  of  the^^g^riir/Vw-bedsas 

in  its  own  zone. 

Echinoconus  subrotundus.     This  is  the  form  which  corresponds 
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with  Desor's  figure,*  in  that  the  base  is  not  contracted  and  the 
inflation  of  the  test  but  of  moderate  d^ree.  Curiously  enough 
it  is  here  much  commoner  at  this  horizon  than  in  its  nomud 
position  in  the  zone  below.  We  may  mention,  however,  that  we 
have  a  large  series  of  this  zonal  variation  characteristic  of  the 
graci/is-zone  from  that  level  at  Dover,  while  it  is  rare  in  Dorset, 
Devon,  and  Sussex.  We  found  eight  examples  in  all  scattered 
throughout  the  zone,  one  at  Compton  Bay  being  actually  above 
the  "spurious  Chalk  Rock."  We  fancy  that  this  will  turn 
out  to  be  the  highest  known  occurrence  for  this  echinid. 

We  need  hardly  say  that  Aficrasfer  cor-bcvis  is  the  only 
Micraster  found  at  this  horizon.  We  were  led  to  anticipate  that 
we  should  not  see  it  in  this  zone,  for  Mr.  Jukes-Browne  {op. 
ciLy  vol.  ii,  p.  410)  says  ..."  Micrasters  are  so  rare  that  it  is 
uncertain  whether  any  specimen  or  fragment  of  one  has  yet  been 
found  in  what  we  call  the  Middle  Chalk."  There  is  only  one 
good  and  complete  section  in  this  zone  in  the  Island  and  that  is 
at  Compton  Bay,  but  here  we  found  eleven  examples,  all  removed 
and  cleaned  before  determination,  in  one  day,  and  we  also  record 
it  for  pit  No.  37,  Brading,  and  at  the  Culver.  The  above  state- 
ment, therefore,  will  require  considerable  modification.  Holaster 
placenta^  usually  abundant  in  the  upper  part  of  the  zone,  was  not 
found. 

Of  the  other  echinids  we  have  only  to  note  that  Discoidea 
dixoni  Sind  Hemiaster  minimus^  usually  well  represented  at  this 
level,  are  rarer  than  usual  in  the  Island  ;  that  Cyphosoma  radiatum 
is  found  in  its  customary  abundance  ;  and  that  SaUnia  granulosa 
is  wanting  from  our  lists. 

The  usual  cidarites  are  all  well  exemplified  here,  for  we  find 
Cidaris  hirudo^  C.  serrifera,  C  clavigera,  and  in  addition  we 
have  to  establish  a  new  zonal  record  for  C.  sutvesiaiiosa,  which 
was  represented  by  a  single  spine  from  Compton  Bay. 
Pentacrinus  agassizi  was  found  scattered  throughout  the  zone, 
becoming  commoner  and  larger  towards  its  upper  limit. 

The  brachiopods  call  for  no  comment,  but  the  lamelli- 
branchs  here  furnish  us  with  several  interesting  occurrences.  We 
record  one  example  of  Pecien  pexatus^  thus  corresponding  with 
our  solitary  record  for  the  same  zone  in  the  Hooken,  Beer  Head. 
Among  the  Inocerami  we  note  a  narrow  form  of  Inoceramus 
lamarckiy  and  Inoceramus  brotigniarti ;  but,  though  we  made 
especial  search  for  it,  we  failed  to  see  a  single  example  of 
Inoceramus  mytiloides. 

Lima  decussata  appears  for  the  first   time  in  our  lists   in  this 
zone,  for  we  found  here  three  examples.     As  we  shall  afterwards  - 
show,  we  also  obtained   it  in   the  zone  of  Hoiaster  planus^  the  - 
Uin/acrinuS'bandj   and  in   the  zone  of  Belemnitella  mucronata.  - 
Our   only  other  record  is  a  single  example  from   the  zone  of3 

•  op.  cit.,  p.  18,  Tab.  2,  Figs.  11— 14. 
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ficraster  cor-itstudinarium  at  Dover.  Dr.  Blackmore  has  foand 
•  in  the  Uinicurinus-hajiA  and  in  the  zones  of  Actimxawuix 
^f^ratus  and  BelemmteUa  mucrpnata  o:  Salisbury. 

lima  hoptri^  of  the  customaiy  small  size,  vas  found,  together 
nth  Lima  creiacea^  at  Compton  Bay.  the  larier  being  the  lowest 
occurrence  which  we  have  hitherto  established.  Up  to  this  nme 
'e  have  only  found  it  from  the  zone  of  Holasttr  planus  to  that  of 
^^icraster  car-anguinum^  but  Dr.  Blackmore  obtains  it  in  the 
l/d^j»///dx-band  and  in  the  base  of  the  crvo/ra/vj-chalk  in  the 
alisburyarea.  We  also  list  one  example  oiRadioiUts  m(>rijmirom 
^  Culver,  which  Mr.  Griffith,  like  ourselves,  has  hitherto  not 
'^n  above  the  zone  of  RhynchoniUa  cuvitri.  We  have  one 
^ous  exception  to  make  to  this  statement,  namely,  a  single 
*^ple  from  the  Uintacrinus-hajxd  of  Margate.  Gasteropods 
^  poorly  represented,  but  we  collected  single  specimens  of 
'^^otomaria  perspectiva  and  Aporrhais  from  Compton  Bay, 
^'h  of  which  are  very  scarce  fossils  at    Dover  at   the  same 

•Another  new  record  is  that  of  Sautilus  cf.  atias  from  pit 
*•  51,  Carisbrooke.  Hitherto  our  only  other  record  for  this 
OQalopod  was  the  zone  of  MicrasUr  cor-testudinarium  at  Pinhay, 
*^h  Devon ;  but  recently  we  have  found  it  in  the  zone  of 
^^^ter  planus^  Homington  Hill,  Salisbury-.  Ammonites 
^'nplus  was  also  found  at  pit  No.  51,  and  it  is  not  an 
^uent  fossil  at  this  level. 

^hree  corals  are  of  special  interest  We  have  alluded  to  the 
il^rrence  of  Onchotrochus  serpent inus  in  the  zone  of  Rhynchonella 
5^"  in  the  Island  and  at  Dover,  and  we  have  now  collected  in 
^tion  over  a  dozen  examples  in  the  grad/is-h^ds  at  the  Culver, 
"^pton  Bay,  and  pit  Xo.  18,  Arreton,  while  we  obtained  one 
^^ple  in  the  zone  of  Holaster  planus  at  Culver  Cliff,  and 
^^^al  at  the  same  horizon  and  in  the  Micraster  car-testudinarium- 
^  at  Dover.  This  tiny  tube-like  coral  has,  therefore,  a  range 
^Vigh  the  four  lower  zones,  being  ver>'  small  in  the  two  lowest 
^  increasing  in  size  above  that  level.  Its  small  size  is  in 
^Iced  contrast  to  the  more  massive  form,  often  several  inches 
^ngth,  which  we  find  in  the  zone  of  Micraster  cor-anguinum  in 
^let  and  elsewhere.  Mr.  Lang  is  of  opinion  that  this  is  not  a 
^  species  of  Onchotrochus,  but  simply  a  zonal  variation  of  Oncho- 
^^s  serpentinus.  The  dwarfed  size,  here  as  elsewhere,  of 
^wnilia  centralis  in  the  two  lower  zones  affords  another  illus- 
^lon  of  the  constancy  of  form  and  size  which  even  the  less 
Portant  fossils  assume  at  definite  horizons,  thereby  affording  an 
*^Qst  limitless  scope  for  the  precise  study  of  zonal  variations.  Of 
^3^1  importance  are  two  examples  of  Stephanophyllia  bowerhanki 
^ich  we  have  found  at  Compton  Bay  in  the  upper  part  of  this 
'^^j  both  above  and  below  the  **  spurious  Chalk  Rock." 
^^ously  we  had  found  two  examples  in  the  lower  part  of  the 
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Rhynchonella  cuvieri-zone  at  Dover,  and  so  far  as  we  know,  these 
are  quite  new  to  English  workers  in  the  field.  We  seardied 
in  \'ain  for  a  coral  belonging  to  the  genus  PodoseriSj  two  examples 
of  which  we  found  in  the  Rkynchonella  ameri-zone  of  Dover, 
constituting  also,  as  we  believe,  another  new  record  for  the 
White  Chalk  in  England. 

Yet  another  new  record  of  equal  interest  is  that  of  Mkrabada 
coronula^  also  found  in  the  upper  part  of  this  zone  at  Comptoo 
Bay.  It  is  not  a  little  strange  that  this  coral,  which  is  so 
abundant  in  the  zone  of  Nolaster  subglobosus^  should  be  found  in 
the  upper  part  of  the  gradlis-he^s^  and  that  both  here  and  at  Dover 
it  should  be  apparently  absent  in  the  zone  of  Rhynchamlla 
cuvieri.  The  only  other  coral  found  was  an  example  of  Axoffisier 
cretacea, 

Cirripedes  are  always  scarce  in  this  zone.  Sca/pelium 
maximum^  though  rare,  has  been  found  before,  as  we  record  it 
for  South  Devon.     We  obtained  it  here  also. 

The  sponges  in  this  zone  are  usually  very  numerous  and  well 
preserved ;  but  here  they  are  comparatively  rare  and  the  iron- 
oxide  pseudomorphs  are  very  faint  in  colour.  Cratioi/ana 
fittoni^  which  is  characteristic  of  this  zone  and  of  that  immediately 
below,  was  found  at  the  Culver. 

The  only  vertebrate  remains  are  teeth  of  Lamna  appendiculata 
and  Oxyrrhina  mantelli.  Owing  to  the  good  and  complete 
section  at  Compton  Bay  (good,  that  is,  for  the  Isle  of  Wight), 
we  are  able  to  give  a  list  of  ninety  species  in  this  zone. 


Zone  of  Holaster  planus. 

Holaster  planus 

MicrasUr  prtrcursor  (of  the  group-form  characteristic  of  this  zone) 

MicrasUr  cor-hovis  ft,  in. 

Micraster  Usiei  }•  59  9 

Fchinocorys  scutatus  (a  characteristic  gibbous  form) 

Pentacrtnus  agassiti 

Cidaris  serrt/era  J 

Other  characteristic  fossils  are  Holaster  placenta^  Cyphosom^  ^ 
radiatum,  Rhynchonella  atvieri^  Rhynchonella  reedensis^  Terebrt^:^ 
tiilina  gracilis,  Crania  egnabergensis,  Inoceramus  brongniarh^ 
Plicaiula  barroisi,  Bicarcea  roiaformis,  Semicytis  mgosa.  Eschar'^ 
acts,  Serpula  ilium.  Ventriculites  impressus  and  Ventriculitt^ 
mam  mi  liar  is. 

The  name-fossil  is  abundant  here  throughout  the  zone,  air^ 
Micraster  pnemrsor,  Micraster  leskci,  Micraster  cor-bov^^' 
Hemiaster  minimus  and  Cyphosoma  radiatum  are  found  in  th^s 
usual  relative  proportions.  Concerning  Micraster  prcecursor  ^^ 
would  only  remark  that  both  in  shape-variation  and  in  t — '^^ 
essential  features  of  the  test  this  urchin  differs  in  no  respe^* 
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from  those  obtained  at  the  same  horizon  in  other  English  sections. 
[The  broad  form,  known  on  the  Continent  as  Micraster  decipiens 
is  notably  rare  here,  and  the  same  applies  to  Holaster  placenta. 

We  have  at  pit  No.  7  7 a,  Mottistone  Down,  our  second 
record  for  Discoidea  dixoni,  the  first  being  for  Dover,  and  both 
occurring  in  the  base  of  the  zone;  but  our  most  interesting 
record  is  for  Echinoconus  vulgaris^  which  hitherto  we  have  never 
found  below  the  zone  of  Micraster  cor-testudinarium^  where  it  is 
a.  rare  fossil.  One  example  was  found  at  pit  No.  51,  Caris- 
l>rooke,  and  the  other  at  pit  No.  7  7 a,  Mottistone  Down,  and 
^th  unfortunately  were  too  crushed  to  enable  one  to  determine 
'•^th  certainty  the  shape-variation.  We  shall  show  later  on  that  it 
^^as  also  been  obtained  here  in  the  two  highest  zones,  thus  giving 
^*s  a  complete  zonal  continuity  in  the  genus  for  the  whole  of  the 
Wliite  Chalk — a  thing  never  before  achieved. 

^  Another  new  zonal  record  is  that  for  Cyphosoma  spatuliferum 
'^hicb  we  found  at  pit  No.  20,  Arreton  Down.  Hitherto  we  have 
^'^ly  recorded  it  from  the  zones  of  Micraster  cor-anguinum  and 
-^^^^^supiteSy  while  Mr.  Griffith  lists  it  in  the  former  zone,  and 
*^''.  Blackmore  gives  it  a  range  in  the  Salisbury  area  identical 
^^th  ours. 

The  cidarites  here  present  no  new  feature,  but  we  may  mention 

^^^t    one  example  of  Cidaris  perornata  was  found  in  this  zone 

*^t^h  at  Culver  Cliff  and  Compton  Bay.     Dr.  Blackmore  finds 

•*^*s     species  only  in  the  zone  of  Micraster  cor-anguinum  in  the 

^^lisbury  area,  and  Mr.  Griffith  in  the  same  zone  and  that  of 

^^^^^^ttr  planus  in  Hampshire.     This,  however,  is  by  no  means 

*^^  lowest  occurrence,  for  we  have  recorded  single  examples  from 

*^^     zones  of  Terebratulina  gracilis  and  Rhynchonella  cuvieri  at 

ovr^r^   ag   ^gU   ^   several   from    the    zone   of  Micraster  cor- 

^^f^dinarium  ;  but  it  must  be  understood  that  below  the  zone  of 

'^^^^^aster  cor-anguinum  it  is  a  rare  fossil  (see  p.  304). 

-,         Ophiura  was  for  the  first  time  found  by  us  at  this  horizon  at 

-.^    Culver,  and  we  have  now  collected  it  in  every  zone  save  that 

,    "^^icraster  cor-testudinarium,     Pentacrinus  agassizi  was  as  usual 

X.     ^ndant  and  of  large  size,  and  we  had  the  good  fortune  to  find 

1^^    the  first  time  one  of  the  most  elusive  fossils  in  this  zone — the 

,^^ci  of  Bourgueticrinus,  for  the  Culver  and  Compton  Bay  both 

f^^lded  us  examples.     Columnars  of  this  crinoid  are  abundant 

^^^^  are  always  of  small  size,  differing  only  from  those  in  the  two 

-?^er  zones  by  being  progressively  larger.     Reverting  to  the  head 

1        this  crinoid,  we  may  say  that  the  largest  example  is  less  than 

^"If  the  size  of  an  adult  specimen  from  the  zone  of  Micraster  cor- 

;  ^^&finum  and  that  instead  of  expanding  in  pear-shape  form  there 

^    tnerely  a  uniform  expansion  from  the  proximal  to  the  distal 

^^    The  measurements  of  these  three  examples  were  7  mm.  x 

*^na.,  5  mm.  x  3  mm.,  and  4  mm.  x  2^  mm. 

The  brachiopods  here  offer  nothing  of  note,  save  th3it /^Aync^O' 


quoiea  m  tnis  zone,  occurring  nere  as  a  rare  lossu 
Compton  Bay ;  and  Lima  hoperi^  as  usual  of  rather  small 
obtained  both  at  the  Culver  and  pit  No.  37,  Bradin 
Three  examples  of  Lima  decussata  appear  in  our  lists  for  t 
one  from  Culver  Cliff  and  the  others  from  pits  No.  20 
Down  and  No.  37,  Brading  Down.  We  also  collected 
example  of  Lima  wintonensis  at  the  Culver  for  the  detei 
of  which  we  are  indebted  to  Mr.  Henry  Woods,  the  \ 
the  species.  Another  new  record  in  our  experience  is 
example  of  Ostrea  wegmanniana  at  this  horizon.  Dr.  B 
finds  it  only  in  the  Marsupites-zonc  at  Salisbury,  but  w 
in  our  general  li^ts  from  the  zone  of  Micraster  car< 
upwards,  becoming  quite  rare  in  the  highest  zone  of  all. 

The  absence  ol  the  customary  gasteropods  Ti 
Pleuroiomaria  at  this  horizon  is  not  a  little  curious,  aj 
Dorset  we  found  them  both.  In  their  place  we  fo 
example  of  Aporrhais  at  Compton  Bay. 

We  have  alluded  to  the  beautiful  little  rotiform 
recently  described  by  Dr.  Gregory  under  the  name  ol 
rota/ormis.  It  is  so  much  a  feature  of  this  bed,  and  occu; 
boundless  profusion,  that  we  can  only  wonder  how  it  i 
many  previous  writers,  including  the  authors  of  the  C 
Survey  Memoirs,  have  omitted  to  mention  it.  ] 
to  the  level  at  which  it  occurs,  and  the  sections  in 
is  found,  will  be  seen  on  p.  284  of  this  paper. 
is  it  abundant  but  on  suitable  air-weathered  surfaces 
a  wonderful  state  of  preservation.  We  have  a  series  of 
where  the  parent  has  thrown  out  a  stolon  from  which  is 
a  young  form. 

Corals  are  here  represented  by  Parasmilia  centralis  dJ 
example  of  the  small  form  of  Onchotrochus  serpentinus. 
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smooth  tube,  which  is  not  a  young  or  uncoiled  example  of  S. 

^^mpuUacea^  nor  can  it  be  referred  to  61  gordialis. 

Once  again  we  have  to  note  the  rarity  of  vertebrate  remains, 

#'<»  here  we  only  record  Ptychodus  mammillaris  and  Lamna 
'^^xpptndiculata.  We  obtained  in  all  a  list  of  98  species  in  this 
-zone. 

Zone  of  Micraster  cor-testudinarium. 

Mkrmster  cmr^UstuJinarmm  (of  group-form  characteristic  \ 
of  tbft  zone) / 

MkrasUr  prmatrsor  (of  group-form  characteristic  of  the  (    Ft.       In. 
200c) /^  Sa        9 

Eckima€orys  trmimtMS  (of  the  characteristic  gibbous  form)  .  i 

Cidara  sgrrx/Srrm  .J 

Other  characteiistic  fossils  are:  Holaster  placenta^  Rhyn- 
^uUa  reedensts^  Crania  egnabergensis^  Plicatula  barroisi^  Pavo- 
"^ '^^s-MiHies^  Eschara  ads,  Ucteropora  pulchella,  Semicytis  rugosa, 
•^^^^^dculcfora  obliqua,  Serpuia  cincta  and  Serpula  ilium. 

Here,  as  in  Dorset,  the  broad  group-form  known  as  Micraster 

^^^^^^estudinarium  is  more  numerous  than  the  narrow  group-form 

^*^^>wn  as  Micraster  prteatrsar.     Both  these  urchins  in  every  way 

^^^*"^onn  in  shape-variation  and  in  essential  features  of  the  test  to 

^*^^    characters  typical  of  this  zone.     The  gibbous  form  of  Echino- 

^^— .»-'J  scutatus,  so  characteristic  of  this  zone  and  that  of  Holaster 

-^^^  *tw,  is  less  common  than  usual,  but  it  is  the  only  form  seen ; 

^^^^-^\t  Hoiaster placenta,  usually  almost  as  common  as  Echinacorys, 

*^  ^^ertainly  rarer  than  we  should  expect.     The  remaining  genera 

"^^        !Ichinoderma,  such  as  Hemiaster  minimus^  Cyphosoma  radia- 

^!J**«,  Salenia  granulosa,  Cidaris  hirudo,  C.  serri/era,  C.  perornata, 

^^    sceptrifera  and  C.  clavigera,  are  all  represented  in  their  cus- 

^^^^lary  numerical   proportions,   though  C.   clavigera  in   no  way 

^^^roaches  the  abundant  occurrence  seen  at  Beachy  Head  and 

^^^--•^ord  Head.     It  is  in  this  zone,  and  in  that  of  Holaster  planus, 

r^^^t  Cidaris  serrifera  generally  attains  its  maximum  numerical 

.  ^^'^elopment,  though  it  is  not  confined  to  this  level,  for  we  find 

,       ^s  a  rare  fossil  in  the  Rhytuhonella  curie riion^.  and  rather 


rare  in  the  gradlis-bedsy  while  it  is  never  seen  above  the 
^er  half  of  the  zone  of  Micraster  cor-aNguinum.     We  cannot 
^^^rd  for  the  island,  either  in  this  zone  or  that  of  Holaster  planus, 

^*ngle  example  of  Cardiaster  cotteauanus. 
I        At  this  horizon  also  we  had  the  good  fortune  to  find  a  single 
d^^^  of -5(7i/r^^/'/i'/7/iwj  elliptiais  at  \Vatcombe  Bay.  This  example 
-.^^ed  in  no  way  from  those  mentioned  on  p.  299  from  the  zone 


^olaster  planus.  The  only  other  locality  where  we  have 
r^^Jected  the  head  of  this  crinoid  is  Dover,  and  there  we  obtained 
^  examples,  var>*ing  in  size  from  ii-mm.  by  5-mm.  to  5-mm.  by 
*^^*i.     In  this  zone  the  affinity  with  the  pear-shaped  form  of  the 
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shape-variation  characteristic  of  the  Micraster  car-anguinum- 
much  more  in  evidence,  and  it  would  be  difficult  to  say  i 
the  largest  and  most  expanded  example  differs  from  the 
form  of  the  zone  immediately  above,  save  only  in  size. 

Of  the  brachiopods  we  need  only  say  that  Crania  egnabt 
is  here,  as  usual,  rather  common  at  this  horizon,  and  that  R 
nella  plicatilis  has  for  once  no  place  in  our  list  In  this  zc 
the  one  immediately  below  Crania  egnabergensis  is  a  rathe 
mon  shell,  ranging  from  the  ^an7/>-chalk  to  the  qua 
chalk,  though  we  have  a  record  of  one  example 
mucronaia-zont.  It  is  only  in  the  guadrafus-QhdWi  tha 
really  at  all  common  again,  and  there  in  all  English  s 
it  seems  to  be  of  rather  larger  size  and  with  costae 
apart.  Rhynchonella  limbata  would  hardly  be  regarde 
characteristic  fossil  of  this  zone,  as  it  is  generally  associ 
our  minds  as  a  guide  fossil  to  the  two  highest  zone 
is  found  at  Dover,  and  to  a  much  less  extent  in  Susi 
such  numbers  that  it  is  necessary  to  mention  its  absc 
the  Island.  In  this  zone  and  in  that  of  Holaster  plant 
broad  and  flat  with  a  wavy  margin.  We  can  now  give  a 
for  this  brachiopod  in  every  zone  of  the  White  Chalk,  for 
the  past  three  years  we  have  found  it  in  the  zones  of  Rkynt 
cuvieri  and  TerebratuHna  gracilis  at  Dover,  two  examples 
former  and  several  in  the  latter. 

Among  the  more  interesting  lamellibranchs  we  wou 
Plicatula  barroisi  and  Inoceramus  lamarcki.  The  range 
former  has  gradually  been  extended  until  we  have  obtaine 
every  zone  in  the  White  Chalk,  but  the  only  two  zones  w 
is  really  abundant  are  those  of  Holaster  planus  and  Aft 
coT'testudinarium.  The  broad  form  of  Inoceramus  la 
would  at  this  horizon,  and  to  a  less  extent  in  the  zone 
ately  below,  appear  to  dispute  pride  of  place  with  Inoa 
cuvieri.     Both  shells  were  found  in  the  Island. 

Here,  as  in  Sussex,  Pavolunulites^  apparently  of  an  u; 
mined  form,  is  a  notable  bryozoon.  The  sections  of  thi 
in  Dorset  are  so  poor  that  bryozoa  are  not  to  be  reckonec 
so  we  are  quite  unable  to  say  if  it  occurs  there ;  but  hei 
beautiful  group,  as  in  all  other  southern  sections,  become 
a  feature  of  the  zone.  Eschara  acis^  Reticulopora  obligu 
Semicytis  rugosa  are  found  abundantly,  but  Heieropora  pt* 
is  by  no  means  so  common  as  usual.  In  the  Island  I 
(LicAenopora)  urnula  is  almost  a  common  fossil  in  this  zor 
to  a  less  extent  in  the  base  of  the  zone  of  Micrastcr  cor-ang 
There  is  also  a  slender  Vincularia  which  Mr.  Brydone  < 
separate  from  Vincularia  indistincta^  here  as  elsewhen 
abundant  at  this  horizon,  though  by  no  means  confined 
The  only  corals  found  were  Parasmilia  centralis  and  Para 
granulata^  the  latter  being  an  unusually  low  occurrence. 
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It  is  in  these  beds,  even  more  than  in  the  zone  of  Holaster 

pla^tus^  that  Serpula  becomes  important.     Serpula  ilium^  S.  plexus^ 

5.    ampuliaceay  S,  gordialis  var.  serpentinus^  S,  plana,  S,  cincta, 

S.  yiucfuata  and  S.  granulata  all  find  their  place  at  this  horizon. 

Ser;pula  ilium  obtains  its  maximum  development  here  and  in  the 

zone  immediately  below,  and  the  same  may  be  said  of  S,  gordialis 

and  S.  cincla,  the  latter  being  the  dominant  adnate  form  both  in 

^  Wight  and  elsewhere.     S.  macropus,  which  is  usually  fairly 

common  at  this  horizon,  was  not  found  here,  and  the  same 

applies  to  5.  pleoms  and  S.  fluciuata.      All    the   other   forms 

^ere  abundant     Serpula  cincta  is  so  abundant  at  this  horizon 

^t  it  has   strong  claims   to    the  dignity    of   a    guide-fossil 

to    the   zone.      It   is    very    rare   in    the  ^aa/«-beds,    rather 

^nimoner  in  those  of  Holaster  planus^  and  so  common  in  the 

2one  under   discussion  that    we    have  sometimes   counted    as 

''^^y  as  a  dozen  examples  on  a  single  echinid,  while  half  that 

^Uinber  is  quite  an  ordinary  occurrence.     Directly  we  pass  into 

"^^  Micraster  cor-anguinumzont,  however,  this  serpula  becomes 

notably  rarer,  but  it  persists  in  diminishing  frequency  as  high  as 

"^  zone  of  Actinocamax  quadratus.     We  have  examined  all 

por     echinids    from    the    mucronala-zone    from    every  source, 

Jpcluding  those  from  Norwich  and  Trimingham,  and  have  not 

found  a  single  example.     In  this  our  experience  is  in  complete 

record  with  that  of  Dr.  Blackmore.     Serpula  granulata  we  can 

pow  record  for  every  zone  in  the  White  Chalk,  though  it  certainly 

^  iDore  abundant  here  than  at  any  other  horizon ;  and  the  same 

""^y  be  said  of  Serpula  gordialis  var.  serpentinus, 

J^leurotomaria  perspectiva  was  found  at  the  base  of  this  zone 
at  Watcombe,  and  the  position  is  not  an  unusual  one,  though  it 
^  generally  rarer  in  this  zone  than  in  that  of  Holaster  planus. 

The  zone  of  Micraster  cor-testudinarium  is  one  of  the  three 

<^ntral  zones  which  are  so  rare  in  the  inland  chalk  of  the  Island 

W  reason  of  the  fact  that  quarries  are  but  infrequently  opened 

^n     the  crest    of    the    Downs.     The   only   records    given    by 

^^-  Strahan  of  the  exposure  of  this   zone  are  taken  from  Dr. 

™rrois*  paper,  apparently  without  verification,  and  in  the  main 

^   contents  himself  with  the  broad  and  safe  generalisation  of 

^Per  Chalk.     It  may  be  mentioned  that  the  pit  at  the  foot  of 

^'J^bridge  Down  (No.  39)  is  in  the  base  of  the  zone  of  Micraster 

^"^^guinuniy  and  that  the  roadside  section  at  Arreton   Down 

^  ^ong  since  been  grassed  over.     Mr.  Jukes-Browne  makes  no 

^dipt  to  separate  the  zone?  of  Micraster  cor-testudinarium  and 

^^i^?^^^  planus,  but  brackets  them  together,  both  in  the  Island 

^  in  North  Dorset ;  nor  is  this  custom  unknown  in  the  smaller 

pf'^oirs  which   illustrate   the   sheets  of  various   maps  of  the 

aJf^'^gical  Survey.     The   reason   for   this  arrangement   is   not 

j^^»*ent,  for  if  there  are  two  zones  which  are  conspicuously  easy 

^parate  in  the  field  they  are  the  two  beds  in  question.     The 
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rigid  limitation  of  Holaster  planus^  After  aster  ear-bcvis^  Micrasi 
leskei  and  of  the  special  group-forms  of  Mieraster  praeursor 
the  lower  zone,  and  the  equally  common  and  characteristic  groi 
forms  of  Mieraster  praeursor  and  Mieraster  eor-testudinarium 
the  upper,  afford  examples  of  contrasting  critical  faunas  whicl 
would  be  difficult  to  match.  This  zone  yielded  a  list  of  oi 
seventy-seven  species. 


Zone  of  Mieraster  cor-anguinum. 

Micrastir  cor^nguinum  (  of  group-forms  peculiar  to  ^ 

Mieraster  cor'Onguinum  var.  latior  j      the  zone. 
Eckinocorys  scutaius  (a  shape-variation  peculiar  to  the  zone) 

EcktMOconus  vulgaris 

Cidarii  ptrornaia 

Cyphoioma  kdnigi 

Cyphoioma  coroUare 

iourguiticrinus  ellipticus  (a  special  form) 

Mieraster  precursor  \  of  group-form  restricted  to  the  base 

Mieraster  cor-testudinarium  J      of  the  zone. 
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Other  characteristic  fossils  are:  Cidaris  seeptrifera^  CiVCr^-^*^ 
elavigeray  Cidaris  subvesieulosa^  Crania  parisiensis^  Theei£S^^'^^'^ 
wetherelliy  Kingena  iima^  Spondylus  spinosus^  Peeten  crttc^^^*^* 
Vineularia  disparilis^  Idmonea  eretacea^  PlinthoseUa  ^LXid 
Porosphara. 

Mieraster  cor-anguinutn  and  M,  eor-anguinum  var.  lee^^^^^ 
Eehinocorys  seutatus  and  Epiaster  gibhus  here  conform  to  rf^^ 
customary  shape-variations,  and  differ  in  no  way  from  the  iis*^^ 
numerical  proportions,  save  that  Mieraster  eor-anguinum  v^^^- 
latior  and  Epiaster  gibbus  are  apparently  rarer  than  usual ;  t^^^ 
the  sections  in  this  zone  are  so  poor  that  it  would  be  unwise  ^P 
dogmatise  on  this  or  on  any  point  of  distribution.  Eehinoeory-^  ^^ 
found  in  the  characteristic  ovate  shape-variation  and  in  the  raJ"^*" 
large  dome-shaped  form.  Mieraster  prceeursor  and  Mieraster  er^^' 
testudinarium  of  the  group-form  characteristic  of  the  base  of  ti^*^ 
zone  may  be  found  in  sitfi  at  Watcombe  Bay. 

Eckinoconus  in  its  shape-variations  corresponds  with  x\xO^^ 
found  on  the  coasts  of  Dorset  and  Sussex,  being  of  the  faf^^^ 
known  as  Eckinoconus  vulgaris  and  more  rarely  E.  eonieus,  '\^^ 
have,  however,  found  one  example  which  belongs  to  E,  e*^^^^. 
galerus.  This  urchin  has  a  tendency  to  run  in  bands,  on^^  ^ 
•  which  is  seen  in  a  surface  at  the  edge  of  the  cliff  on  Pl*^ 
Down.  y 

The  Cidarites  reach  in  this  zone  a  degree  of  profusion  ^-^^ . 
differentiation  which  they  have  hitherto  failed  to  obtain.  ^^^^^^^ 
perornata  becomes  so  universally  common  that  it  must  J^ 
regarded  as  a  guide-fossil  of  definite  use  in  the  field,  wl^*-"^ 
Cidaris  sceptrifera   for    the    first    time    becomes    a    dowii*^^ 
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form,  and  Cidaris  clavigera  universal  in  its  occurrence.  Cidaris 
su^esiculosa  practically  makes  its  appearance  at  this  horizon, 
though  we  have  noted  its  sporadic  occurrence  in  the  three  zones 
immediately  below,  and  it  then  ranges  up  to  the  top  of  the  Chalk. 
The  ever-present  Cidaris  hirudo  calls  for  no  comment.  This  is 
the  zone  which  has  yielded  all  the  perfect  examples  of  Cidarites 
which  are  seen  in  our  museums  throughout  the  country,  a  fact 
<^"e»  not  only  to  the  abundance  of  the  remains,  but  also  on 
account  of  the  massiveness  of  the  chalk,  the  thickness  of  the 
zone  and  consequent  wide  distribution  in  the  home  counties. 
^^  these  species  occur  n  the  Isle  of  Wight. 

-^nfulaster  rostratus,  always  a  rare  fossil  in  the  southern 
counties  and  never  found  below  this  horizon,  was  represented  by 
three  examples  from  High  Down  and  Freshwater  Bay.  So  far  as 
^"^  experience  goes,  the  known  range  of  this  echinid  is  from  the 
zone  of  Micraster  cor-testudinarium  to  the  upper  part  of  the  zone  of 
^^f^nocamax  quadratus.  The  lowest  record  consists  of  one 
example  from  the  Yorkshire  coast  and  the  highest  are  from  the 
sanie  district  In  the  Salisbury  area.  Dr.  Blackmore  states  that 
*^  ^  restricted  to  the  Marsupites-hzw^  and  the  base  of  the 
^^/^r-atus'zone^  while  in  Hampshire  Mr.  Griffith  refers  it  to  the 
^'^asier  cor-anguinum-zon^  alone.  Save  at  the  last-named 
"Onzon  in  Yorkshire  it  is  never  anything  but  a  comparatively 

^e  fossil. 

^emiaster  minimus  also  adds  to  our  experience  by  reason  of  the 

^^^trence  of  this  urchin  at  the  base  of  the  Micraster  cor-nnguinum- 

zone  at  the  White  Horse,  Culver  Cliff.     We  have  also  another  ex- 

fP^Ple  in  our  collection  from  the  upper  part  of  the  same  zone  at 

.'"^hfleet,  Kent.     We  have  already  alluded  to  Dr.  Blackmore's 

^Hiq^j^  record  for  the  guadratuS'Qk\2i^  of  Salisbury,  so  that  the  only 

20nes  in  which,  so  far  as  we  know,  it  has  not  been  found  are  those 

^farsupites  testudinarius  and  Btlemmtella  mucronata.     It  is 

^^nion  here  and  elsewhere  in  the  zone  of  Rhynchonella  aivieri^ 

-.^*^er  common  in  the  graaVis-bedSy  and  rarer  still  in  the  zone 

^,  .  -^olaster  planus  and  Micraster  cortestudinarium^  while  above 

^5  level  it  is  one  of  the  rarest  of  fossils.     We  also  note  Holaster 

^  ^^cnta  as  a   local   rarity   in  this   zone,   though  we  have   one 

.  ^^tnple  from  the  higher  beds  at  Northfleet.     As  a  rule,  however, 

^   '^    found  only  in  the  base  of  the   zone,  as  at  St.  Margaret's 

^l^^»   Dover,  where  it  is  by  no  means  rare,  and  seems  to  take  the 

*^*^^e  of  Echinocorys. 

^y  .  Cyphosoma  also  begins  to  differentiate  at  this  horizon,  for 
^J^'J^  Cyphosoma  radiatum  ranges  up  abundantly  from  the  base 
f^  ^He  White  Chalk  to  the  top  of  the  zone  of  Micraster  cor- 
^^^^^inarium,  it  is  only  in  the  zone  under  discussion  that 
^^  '^^osoma  konigi,  C  coroi/are,  and  C.  spatulifenati  really  make 
j^^*t^  appearance  in  force.      All  but  the  last-named  were  found 

^^^.  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  22 
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Hitherto  Bourgueiicrinus  eUipticus^  though  found  abundantly, 
so  far  as  the  columnars  are  concerned,  in  the  four  lower  zones, 
has  been  strangely  reluctant  to  furnish  us  with  a  chazacterisdc 
head,  or  indeed  with  any  head  at  all.  Throughout  these  zones 
the  columnars  have  been  notably  small,  increasing  in  size  and 
number  as  we  ascend  the  zonal  series.  Directly,  however,  we  get 
well  into  the  present  zone  they  enlarge  conspicuously,  and 
large  barrel-shaped  and  long  and  thick  rod-shaped  columnars 
become  quite  common,  but  more  important  still,  the  head  is  no 
longer  a  rarity,  and  is  fully  diagnostic  of  the  zone. 

The  same  emergence  of  new  forms  is  seen  in  the  bracbiopods, 
for  Crania  parisiensis^  Thecideutn  wetherelli  and  Kingena  Uma 
cease  to  be  museum  curiosities  and  are  amon^  the  commonest 
of  fossils.  Nor  are  the  lamellibranchs  wanting  m  the  elaboration 
of  new  species  or  in  zonal  variations  of  old  ones ;  moreover,  in 
all  of  them  there  is  a  notable  increase  in  size  and  abundance. 
Spondylus  spinosus  begins  in  the  grad/is-beds  and  becomes  larger, 
more  numerous  and  more  inflated  as  we  ascend  the  zones ;  but 
it  is  here  that  it  reaches  a  size,  and  d^ree  of  inflation,  whidi 
render  it  the  beautiful  fossil  so  often  seen  in  our  museums. 
Zima  hoperi^  too,  is  notably  larger  and  more  common.  Osirea 
also,  hitherto  only  represented  in  any  quantity  by  Ostrea  vesicuiaris^ 
OMppopodium  and  0,semiplana^noyf  adds  the  ioimsoi O, lateralis^ 
O,  rtormaniana,  and  O,  tvegmanniana^  which,  if  not  new,  have 
as  yet  been  but  insignificantly  represented.  All  these  are  both 
commoner  and  larger  than  in  the  zones  below.  Pecttn  cretosus^  a 
rare  fossil  in  the  lower  zones,  becomes  now  abundant  and  of 
large  size,  and  ranges  up  without  a  break  to  the  top  of  the 
mucronaia-chdWi  in  Dorset,  Hampshire  and  the  Isle  of  Wight 
In  the  Salisbury  area,  however,  Dr.  Blackmore  states  that  in 
the  mucronata-zotiQ  Pecten  mantellianus  completely  displaces 
P,  cretosus.  At  Norwich  and  Trimingham,  on  the  other  hand, 
the  two  forms  occur  together. 

Inoceramus  cuvieri  also,  though  by  no  means  a  new  or  rare 
species,   ranging    up  as  it   does    from   the  ^a^7«-beds,   here 
universally  reaches  its  climax  in  point  of  quantity  and  probably 
in  point  of  size.     In  the  Island,  where  the  zone  is  so  badly 
displayed,  it  is  often  our  most  reliable  guide,  for  the  bedding- 
planes  are  sheeted  with  it  and  the  talus  littered  with  its  fragments. 
Among  the   free  bryozoa   Vincularia  disparilis^    Truncatula 
aadeata  and  Idmonea  cretacea  most  readily  catch  the  eye  and 
they  are  especially  useful  as  they  are  rare  fossils   below   this 
horizon  and  now  for   the  first  time  became  prominent  forms. 
Moreover,  other  species,  such  as  Eschara  acts,  SemiQ'tJS  rugostr^ 
and  Heteropora  pulchella,  which  have  crowded  the  chalk  in  the^= 
two  zones  immediately  below,  now  sink  into  insignificance.     Thi^^ 
general  description  applies  to  the  Island  also. 

Probably  one  of  the  rarest  fossils  found  in   the  Island  i^^ 
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^^fydtus  portlocki^  a  small  example  of  which,  with  both  valves 

intaot,  was  obtained  at  this  horizon  at  Watcombe  Bay. 

'Serpuia  turinnella  makes  its  first  appearance  in  this   zone, 

^/^d  hereafter  ranges  to  the  top  of  the  White  Chalk  in  increasing 

^1^^  and  number ;  Serpula  ampullacea  is  much  larger  and  more 

^^^ndant ;  and  Serpula  plexus  also  for  the  first  time  becomes  a 

^^^^rriinon  form,  though  we  failed  to  find  it  in  the  Island.     A 

furious  local  feature  at  Freshwater  Bay  is  that  the  base  of  this 

^^^'^e  is  crowded  with  Serpula  ilium.     The  last-named  is  never  a 

^^^'^^l  fossil,  save  that  it  is  abundant  at  certain  horizons,  for  it 

'^^^gcs  throughout  the  White  Chalk. 

TTie  corals  also  follow  suit,  for  instead  of  the  rather  dwarfed 

*^Y**^s,  almost  restricted  to  Parastnilia  centralis^  we  have  Paras- 

'^^'^Vi  centralis  var.  gravesana^  Parastnilia  granulata,  Parasmilia 

^y^^^mdrica^   Parasmilia   manielliy   Parasmilia  fittoni^   and   more 

'^''^ly     Caryophyllia     cylindracea^     Stephanophyllia      micheliniy 

'^^^^J>haxum  auloporoides^  SynheUa  sharpeana,  Diblasus  gravensis 

^^^  the  robust  form  of  Onchotrochus  serpentinus  before  mentioned. 

So     far  as  the  Island  is  concerned  the  corals  are  but  poorly 

*'^P>x-esented. 

Even  the  sponges  offer  new  forms  at  this  horizon,  for  it  is  the 

^*"st  time,  save  in  Sussex,  that  globular  flints,  rich  in  the  remains 

^^    the  genus  Plinthosella,  are  a  feature.     Here  also  Stichophyma 

^^^'9^M.idumy    Pachinion  scriptum,   Doryderma   ramosum^   Siphonia 

^^9^igi^  Porochonia  simp  lex ^  Verrucocoslia  tubulata^  Leptophragma 

^^^^^^ckisoniy    Polyblastidium     racemosum^    Placotrema    cretaceum^ 

^^d  Pharetrospongia  strahani  first   claim  our  attention   either 

^y  reason  of  a  newly  found  abundance  or  as  fresh  introductions. 

J^^triculites  radiatus,  ranging   up  from  the  base  of  the  White 

^^^3Jk,  also  becomes  much  larger  and  commoner.     But  it  is  with 

^^^  valuable  group  of  Porosphcsra  that  we  are  specially  concerned. 

•^^^csphctra  glohularis  increases  in  size  an^  number  as  we  ascend 

^p^  four  lower  zones,  but  even  in  th**   '.one  of  Micraster  cor- 

^^^'idinarium   is   rarely    more   than   6   mm.   in   diameter.     No 

^^'Jer,  however,  do  we  pass  beyond  the  lower  one-fourth  of  the 

fo  ^^  ^nder  discussion  than  the  size  greatly  increases,  and  the 

njis  known  as  P.  pileolus^  P.  nuciformis^  P.  patelliformis  and 

til  ^^^^^^  become  quite  a  feature  of  the   zone.     Porosphara 

xu^^^s  and  especially  P.  nuciformis  are  quite  rare  fossils  even  in 

j^   ^ne  of    Micraster  cor-testudinarium.     In  the  Island   the 

j^'^ges    at    this    horizon    are    characteristic    and    fairly    well 

^^^sented,  and  Porosphara  conforms  to  the  distribution  which 

^  have  just  indicated. 

fL .   W'e  were  well  satisfied  to  be  able  to  record  ninety  species  for 
^^5  2^„^ 
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Zone  of  Marsupites  testudinarius. 

Mariupitfs  Ustudinarius    .         .         .         .         .    "J 

Eckinocorys     scutaius     (a     special     pyramidal    /  ^^        ...    y_ 

form)         .         ...         .         .         .{  ^"""/""-^^^  nd 

BourgaetkrinHS  tllipHcus  (a  special  form)        .    (  ""'"Se     ;™-*   '*^'- 

Ter,ira,ulina  rowei .         ..         .         .         .  "«s.  44  f'- 

Caryophyliia  cylinaracea j 

Uintacrinus j 

Echinocorys     scutatus     (a     special     pyramidal    /  Ui^tacrinus-\xL  ^^ 

form)          .,,...,    I  ,                ,-.  • ^_ 

Bout  puttier  invs  ellipticus  (a  special  form)        .    [  ^1**^^^^  c.     ' 

Terebratuhna  rowei \  "^^^^  ^^  "* 


Caryophyliia  cylindracea 


Other    characteristic     fossils     are     Micraster    cor-anfi^ti'^^    ^q,^ 
Echinoconus   vulf^aris,    Cypliosoma   konigi^    Ostrea  wegmannX 
Serpula  turbinella  and  PorosphiEra.  -#-m^^ 

It  may  be  said  at  once  that,  being  in  flinty  chalk,  the  zone  ^^Vn^ 
contains  no  "  Bedwellline,"  that  there  are  no  bands  of  Ecf^^^ ^lat 
corys  or  Echinoconus^  and  that  Ammonites  and  Belemnites       .^-nds 
entirely  wanting.      In  all  these  respects  the  zone  correspc^'^^^ne 
with  that  on  the  Dorset  coast,  and,  as  before,  we  divide  the  i^  to 

proper  into  the  usual  two  sub-zones.     Once  again  we  returr^-    ^e 
the  question  of  the  name-fossil  for  this  zone,  as  there  are  sc^^^al 
who  claim  that  the  sub-zones  should  be  elevated  to  the  full  zc^^^ 
dignity,   for  the   reason   that   Marsupites  and    Uintacrinus 
save  at  the  point  of  immediate  contact,  rigidly  confined  to  tl 
respective  levels,  and  that  the  cephalopods,  when  present, 
equally  restricted  in  their  range.     Our  answer  to  this  criticisn 
that  the  cephalopods  may  be  absent,  as  in  Hampshire,  Dor 
and  the  Isle  of  Wight,  and  that  a  zone  is  characterised  even  i 
by  its  associated  guide-fossils  than  by  its  name  fossil.     An  horl 
which  is  characterised  throughout  by  the  presence  of  the  charac:^ 
istic  sub-pyramidal  shape-variation  of  Echinocorys^  the  charac^^ ' 
istic   head   of  Bourgueticrinus,   and    Terebratulina    rowei ^    ^^^'^  a/j 
though  Marsupites  be  restricted  to  its  upper  part,  and  Uintacr^  ^^^V»a 
to  its  lower,  so  distinctly  fills  our  ideal  of  a  critical  zonal  fa-  '•--^  -  ^ 
that  we  are  more  than  content  to  adhere  to  the  scheme  he'^'''^^ 
set  forth.  -  ^j^ 

The  shape-variations  of  Echinocorys  scutatus  are  identical  -^i^^  -^  ^ 
those  at  the  same  horizon  elsewhere,  the  characteristic  ^  '■^  ^ 
pyramidal  form  being  fully  diagnostic  of  the  zone  as  a  wh»^^-^  j^ 
while  at  the  base  it  gives  the  usual  passage-forms  connectiiBj^^^_^p 
with  the  ovate  shape-variation  in  the  zone  below,  and  at  the  '^  ^ 
the  equally  common  passage-forms  linking  it  on  to  the  gibt^*^^-^^^ 
shape-variation  of  the  ^uadratus-chalk.  Our  only  dome-sh^^t^  ^_ 
form  was  a  broken  example  in  the  C/intacrinus-band  of  Fx"^^ 
water  Bay.  ^ 

Bourgeticrinus  is  illustrated  by  the  same  nipple-shaped  }n^^^^ 
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arid  thick  barrel-shaped  columnar,  which  are  found  in  every  section 
in  rlie  south  of  England,*  but  they  are  not  so  commort  here  as 
^"^  other  districts,  mainly  by  reason  of  the  fact  that  the  sections 
in  the  Island  are  so  poor.  Mr.  Griffith  and  Mr.  Brydone  found 
^othi  these  characteristic  crinoid  remains  in  the  Island. 

-Among  other  brachiopods  common  at  this  horizon  we  note  in 
the  Island  Terebratulina  roweiy  TerebratuUna  striata^  Crania 
^^nal'frgensts.  Crania  parisiensisy  Rhynchonella  piicatilis^  Rhyn- 
^^^^nelia  reedensiSy  Thecideum  wetherelii,  and  Kingena  iima.  The 
*^^t  named  was  of  the  usual  small,  rounded  form  seen  in  this 
^K*^^  but  was  here  unusually  rare.  Rhynchonella  plicatilis,  so 
^oundant  in  Sussex,  was  rare  here,  coinciding  with  the  scarcity 
in  Dorset  and  Kent  at  this  horizon. 

The  Lamellibranchs  present  no  unusual  feature,  save  that  the 
^ands  of  Osfrea  vesicularis  and  Ostrea  wegmanniana^  which  are 
^^^^Hy  quite  a  feature  of  the  zone,  are  here  but  poorly  shown. 
^^  found  one  example  of  Lima  decussata  in  Pit  No.  92  in  the 
y^^^^acrinus-hTind..  As  usual,  Lima  hoperi  reaches  its  maximum 
size  at  this  horizon. 

terebratulina  razvei  was  found  in  every  section  on  the  coast 

^^  which  the  sub-zones  were  displayed,  as  well  as  in  the  old  road 

^    I^reshwater  Bay  and  the  small  exposure  at  the  cliff  edge  at 

,  ^^nyson's  Monument.     Though  we  obtained  three  examples  in 

.  ^    extreme    base   of    the   quadratuszonQ    we   found    it    here 

f'SKily  confined  in  its  downward  range  to  its  own  horizon,  and 

^^^  never  met  with  it  in  the  zone  of  Micraster  cor-anguinum, 

,  .    C^aryophyllia  cylindracea  we  usually  regard  as  a  form  limited  to 

1^^^    xone,  and  even  more  particularly  to  the  Afarsupites-hdind , 

^^     in  the  Island  we  obtained  it  in  both  the  sub-zonss.     Dr. 

*^<^l^niore  does  not  find  it  so  restricted  in  the  Salisbury  area, 

.•     ^    ^ves  it  a  range  from  the  zone  of  Micraster  cor-anguimim  to 

^  t>ase  of  the  quadrat us-Q\\viS^. 
^  T^he  shape-variations  of  jE'r///;/«';tv////5  resemble  those  in  Dorset 
^  ^  Sussex.  We  found  few  uncrushed  examples,  but  such  as 
j^  ^^w  were  referred  to  the  round  form  known  as  Echinoconus 
^.^^^-cinV,  together  with  one  undoubted  example  of  Echinoconus 
i^  ^^^lus.  This  urchin  is  rare  in  Hampshire  at  this  horizon,  but 
^l^^curs  in  a  scattered  band  at  the  base  of  the  zone  at  Salisbury, 
ij^  ^^"e  the  shape-variations  appear  to  coincide  with  those  in  Kent, 
,>  ^fcat  E,  coniais  and  E,  albo-galerus  are  both  obtained.  We 
^l^^^^xd  E,  globulus  from  both  the  Uintacrinus-h2ir\d  and  the  top  of 
t^^^  ^^licraster  cor-anguinumzouQ  in  Thanet,  and  from   the  latter 

^i^on  at  Northfleet. 

^^      -Micraster  cor-anguinum  is  by  no  means  common  here,  and 

^v^^^    material  is  too  scanty  and  damaged  to  warrant  one  in  saying 

^^^^  the  var.  rostratus  is  the  characteristic  form.     This  variety  is 

^^^e  common  at  Salisbury  than   it  is  at  Margate.     Cyphosoma 

•  ?Toc.  Gtol.  Aiioc,  vol.  xvl,  PI,  viii,  1900.    Part  I,  Kent  and  Sussex. 
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konigi  here  reaches  its  largest  size,  and  we  found  it  in  both 
sub-zones  at  Freshwater  Bay  and  Scratchell's  Bay.  Cardiaster 
pillula^  one  example  of  which  was  found  in  the  Marsupites-huiA 
at  White  Nothe,  Dorset,  was  not  seen  here — a  further  proof^  were 
it  needed,  that  this  urchin  is  one  of  the  rarest  occurrences  in  this 
zone.  Serpula  turbinella  is  more  common  than  in  the  zone 
immediately  below,  but  it  is  not  until  we  reach  the  two  Ugbest 
zones  that  it  becomes  really  common  and  large. 

The  large  size  of  Porosphotra  globularis^  so  helpful  in  the  field 
in  Kent  and  Sussex,  is  hardly  so  conspicuous  here,  though  it 
attains  goodly  dimensions,  and  is  certainly  bigger  than  the 
examples  found  in  the  zone  immediately  below. 

The  Uintacrinus-haLVid  contributed  a  list  of  only  forty-di^t 
species,  and  Afarsupifes-bsind  but  fifty-nine.  All  who  work  these 
sections  will  realise  the  reason  for  a  scanty  fauna. 


Zone  of  Actinocamax  quadratus. 

We  are  in  the  habit  of  alluding  to  the  barren  areas  in  the 
^i/o^ra/f/x-chalk,  and  those  who  examine  the  beds  at  this  horizon 
in  the  Island  will  appreciate  the  significance  of  the  term. 

Echinocorys  scutatui  (a  characteristic  gibbous  form)  \ 

Cardiaster  piiluU / 

Bourgtutkrinus  eliipticus  (a  special  form)       .        .  I  average  thickness 

Actinocamax  quadratus     «  ,  '^  371  fu 

Actinocamax  granulatus i 

Ctttosmilta  laxa  ) 

Other  characteristic  fossils  are :  Rhynchonella  limhaia^ 
Rhynchonella  piicatilis,  Terebratulina  rowei.  Crania  €gnab€rgensiSy 
Eschara  aciSy  Vincularia  santonensis^  Cribrilina  sp.,  Serpula 
iiium,  Serpula  turhinellay  and  Porosphiera, 

It  is  with  considerable  misgiving  that  we  print  the  tabular 
summary  given  above,  for  in  the  Isle  of  Wight  Cardiaster pillula 
and  the  two  belemnites  are  conspicuously  rare.     Indeed,  one  may 
state    unreservedly   that  Echinocorys,   Bourgueticrinus   and   th( 
bryozoa  are  here  the  only  reliable  guides  in  the  field. 

Echinocorys    smtatus,   if   it   were   more  abundant   and   le 
shattered,  would  be  all-sufficient  for  our  purposes,  for  the  gibbou! 
form  with  a  flat  base  is  a  really  reliable  zonal  guide  throughoul 
the  whole  of  southern  England.     It  tends  to  run  in  bands,  an< 
the  only  drawback  is  that  ^the  bands  are  often  reprehensibly  fa^' 
aptart.     There  would  appear  to  exist  here  the  rather  pointed  an 
dome-shaped  form  which  we  have    previously  mentioned,    an( 
also  a  certain  number  of  very  depressed  forms  of  medium  sizt 
All  these  shape-variations  exist  in  other  southern  sections,  bi 
here  the  rock  is  so  shattered  that  shape-variations  are  not  easy  I 
follow  with  certainty. 

Cardiaster  pillula  was  abundant  in  Dorset  and  Sussex,  ai 
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mppeais  to  be  equally  common  in  Hampshire  and  the  Salisbury 
area.  In  all  these  localities  it  runs  in  bands.  Here,  however,  it 
is  so  rare  as  to  be  useless  as  a  zonal  guide,  and  we  give  on  p.  283 
St  list  of  sections  where  it  has  been  found.  Had  the  sections  in 
this  zone  a  better  surface  it  is  quite  possible  that  this  echinid 
might  be  found  in  its  usual  abundance,  and  the  suggestion 
gains  point  from  the  statement  by  Mr.  Griffith  that,  when  the 
excavation  for  the  fort  at  the  Needles  was  being  made,  he  and 
Mr.  Brydone  collected  there  a  considerable  number  of  examples. 
However,  Mr.  Griffith  entirely  shares  our  views  as  to  the  rarity  of 
this  urchin  in  the  Island  and  its  consequent  lack  of  value  as  a 
guide-fossil.  Moreover,  its  usefulness  as  a  zonal  guide  is  further 
oomplicated  by  the  fact  that  in  the  Island  it  is  also  found,  though 
'^rery  sparingly,  in  the  mucrona/a-chsilk. 

Here  also,  as  in  Dorset,  we  found  portions  of  Micraster  cor- 
^ngmnum^  two  at  Scratchell's  Bay,  two  at  Freshwater  Bay,  and  one 
ait  White  Cliff  Bay,  so  that  in  time  examples  will  probably  be 
obtained  in  a  sufficiently  perfect  state  to  establish  the  much- 
needed  essential  features  of  the  test  for  this  zone  in  England. 
XVe  have  found  it  in  the  base  of  the  zone  in  Sussex  and  the 
I^ortsdown  Hills,  and  well  up  in  the  zone  at  Bessingby,  near 
Sridlington;  but  it  finds  no  place  in  the  collections  of  Mr. 
<3riffith  and  Dr.  Blackmore. 

The  belemnites  are  interesting  in  that  they  occur  here  in  the  same 
X)Osition  in  the  zone  as  in  Dorset ;  but  with  that  their  usefulness 
^nds,  for  we  have  but  seven  examples  of  Actinocamax  quadratus 
^uid  three  of  Actinocamax  granulatus  to  reward  us  for  nine  weeks* 
^^rork  in  the  Island.  It  must  be  remembered,  however,  that  but 
^or  the  fortunate  occurrence  of  the  former  belemnite  in  horizontal 
'^rhalk,  east  of  White  Nothe,  where  it  occupied  a  bed  of  only 
9ome  20  ft.  in  thickness  in  the  middle  of  the  zone,  we  should 
probably  be  in  the  same  case  as  in  the  Island  ;  for  it  will  be 
:s^adily  understood  that  if  we  convert  this  horizontal  into  vertical 
^halk,  we  might  easily  pass  over  this  limited  vertical  surface 
'^thout  seeing  a  trace  of  a  belemnite.  The  even  greater  rarity  of 
Actinocamax  granulatus  is  readily  accounted  for  by  reason  of 
the  fact  that  it  is  confined  to  a  still  narrower  bed  at  the  base  of 
the  zone.  It  was  found  in  exactly  the  same  position  in  Dorset 
and  was  equally  rare. 

While  speaking  of  Cephalopods  it  may  be  well  to  remember 
that,  as  in  Dorset,  no  Ammonites  or  Aptychi  were  found  in  this 
2one.  Mr.  Griffith  finds  both  Aptychus  leptophyllus  and  Aptychus 
^^rtlocki  in  Hampshire,  and  Dr.  Blackmore  has  a  wonderful 
series  of  the  same  two  species  from  the  Salisbury  area.  In  the 
latter  locality  A,  portiocki  is  of  a  small  and  lamellate  type,  and 
^.  leptophyllus  is  rigidly  confined  to  a  narrow  bed  to  which 
Stlemmtella  lanceolata  is  also  restricted. 

Bourgueticrimis  tllipticus  is  always  a  useful  guide,  for  the  head 
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is  fully  characteristic,  and  the  columnars  with  their  expanded  ends 
are  abundant.  These  are  figured  in  Part  I.,  Kent  and  Sussex.* 
This  species  is  well  exhibited  in  the  Island. 

The  brachiopods  in  this  zone  are,  as  usual,  interesting. 
Rhynchonella  plicatilis  is  common  here,  as  elsewhere,  and  so  is 
the  form  known  as  var.  octopHcata ;  while  Rt^mchoneUa  limbata  is 
abundant,  and  is  useful  in  the  field  in  that  its  shape-variation 
differs  from  tiiat  in  the  ww^^/zri/rt-chalk,  being  larger,  broader  and 
more  plicate  at  the  margin.  Crania  egnabergensis^  though  less 
common  than  usual  here,  is  of  good  size  and  with  costse  rather 
wide  apart ;  and  Terebratulina  rmvei  was  represented  by  three 
examples  in  the  extreme  base  of  the  zone  at  Scratchell's  Bay,  just 
as  on  the  coasts  of  Dorset  and  Sussex,  and  in  the  Portsdown  Hills 
and  at  Salisbury. 

It  is  useless  to  deal  dogmatically  with  lamellibranchs  in  this 
shattered  and  obscured  chalk.  Inoceramus  Jamarcki  is  found, 
and  would  appear  to  be  of  smaller  size  than  the  form  so 
commonly  seen  in  the  zone  of  Micraster  cor-tesiudinarium  and 
to  a  less  extent  that  of  Holaster  planus.  We  found  Ostrea 
la  fetalis,  but  not  the  interesting  form  known  as  the  var.  striata^ 
which  we  regard  as  so  characteristic  of  this  zone.  In  any  case,  it 
is  only  at  the  last-named  horizon  that  this  variety  is  at  all 
common.  Quite,  recently,  however,  we  have  been  able  to  extend 
our  knowledge  of  its  vertical  range  by  the  occurrence  of  three 
solitary  examples  from  other  zones,  for  Dr.  Blackmore  has  found 
it  in  the  7fn4cronafa-c\\:{\\i  of  Aldcrbury,  Salisbury ;  Mr.  H.  J. 
Osborne  \V hite  has  seen  it  in  the  Micraster  cor-anguinum-'Lon^  at 
Boxford,  Berkshire  ;  and  we  have  obtained  it  in  the  Micraster  cor- 
testudinarium-'/.oni^  at  Dover.  Mr.  Osborne  White  has  also 
recently  sent  us  a  portion  of  an  Ostrea  with  practically  identical 
ornamentation,  save  that  the  stria)  are  slightly  coarser.  It  was 
found  by  Mr.  F.  J.  Bennett  in  the  RhyncJuuiella  cuvieri-zouQ^  a 
little  above  the  Melbourn  Rock,  near  Bunkers  Farm,  Birling, 
Kent.  The  fracture  is  that  of  an  oyster  and  not  of  an 
Inoceramus,  If  our  determination  of  this  fragment  be  correct,  the 
record  is  a  remarkable  one.  Septifer  lineatus  is,  strange  to  say, 
a  new  appearance  in  our  lists,  for  we  have  never  yet  seen  it  on 
the  coast ;  but  here  we  obtained  two  examples  in  pit  No.  14, 
Shalcombe.  Dr.  Black  more  only  Hnds  it  in  the  zones  of 
Marsupites  testudinariuSy  Actinocamax  quadratus  and  Be /emni fella 
mucronata  at  Salisbury;  while  Mr.  (Griffith  lists  it  in  the  Chalk 
Rock  and  «7;/«^ra///5-chalk  of  Hampshire  ;  and  Mr.  G.  W.  Young  1 
has  found  it  in  the  Marsupites-\i?ix\d.  at  Great  Woodcote,  Surrey— 
Our  only  other  example  was  collected  in  the  Cenomanian  lime- 
stone of  Beer  Head,  and  was  remarkable  for  the  preservation  oltf 
the  nacreous  layer  of  the  shell.  It  has  also  been  found  irrr 
the  Micraster  cor-anguinum-7.o\\(i  at  Xorthfleet,  Kent. 

*  "  The  White  Chalk  of  the  English  Coast."    Proc.  Geo/.  Assoc,  vol.  xvi,  PI.  viii. 
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IBrj'ozoa  are  often  abundant  in  this  zone,  forming  bands,  as  in 

tH^  base  of  the  zone  on  the  Sussex  coast  and  in  the  Portsdown 

Tl^ills.    The  sections  in  the  Island  are  too  obscured  to  enable  one 

to     say  if  the  same  conditions  obtain  here,  but  by  breaking  up 

blocks  characteristic  forms  are  often  found.     Even  here  v/e  still 

find  that  Eschara  ads,  Vincularia  santonensisy  and  Cribrilina  sp. 

are  useful  guides  in  the  field. 

The  corals  in  this  zone  are  usually  interesting,  for  apart  from 

the   abundant  and   highly   characteristic    Calosmilia    laxa,    we 

generally  expect  to  find  Parastnilia  centralis,  P.  cytindrica  and 

•P-  Jiitoni.     The  two  latter  were  not  seen  here,  but  P.  centralis  is 

not  altogether  rare.     However,  here  as  elsewhere,  Cceiosmiiia  laxa 

is  the  dominant  form,  and  is  both  common  and  remarkably  large. 

When  dealing  with  the  coasts  of  Sussex  and  Dorset  we  noted 

that  Serpula   ilium  in   this   zone  was   both   abundant  and   of 

unusually  large  size,  and  we  still  regard  this  evidence  as  useful 

in  the  field.     In  addition,  we  found  two  aggregations   of  this 

annelid,  which  must  be  regarded  either  as  an  abnormally  large  form 

of  S.  ilium,  or  a  very  thin  form  of  Serpula  plexus.     As  usual, 

Serpula  turbinella  becomes  in  this  zone  an  increasingly  important 

fossil,  both  numerically  and  in  point  of  size. 

I'he  Porosphcera  group  is  also  of  value.     Porosphara  globu- 

\       iaris,  though  of  good  size,  is  smaller  than  in  the  Afarsupifes-7.ox\Qy 

while  Porosphcera  nuciformis  is  both  larger,  and  with  grooves  and 

po^nt  more  accentuated  than  in  the  zone  below.      PorospJiara 

pteo/tis  here  reaches  its  maximum  in  size  and  number.     All  these 

Iir^^  are  seen  in  the  Isle  of  Wight. 
cb/I      ^re  fully  satisfied  to  have  obtained  a  list  of  62  species  in 
^  so  barren  and  ill-exposed. 


Zone   of  Belemnitella   mucronata. 
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BhckmOTe's  unrivalled  coiQectaoa  of  BeTwwnr.aes.  aad  tbe  scadr  of 
diis  series,  together  with  oar  own  obsemkirBOOts  In  cbe  fieSd,  l«Mb 
OS  to  the  amdusion  thit  the  troe  BeJtmmJxJId  Z^nj^uUfa  is  oqIt 
found  in  die  nunyw  bed  of  fMAdrjtJui<5ts3^  at  Solisbcrv^  atw:  that 
the  naiTOw  tapering  forms  foond  in  the  mMPr^-m£lA-<hA^  are  only 
a  shape-Tariation  of  BtJemudUlU  muor&naiA^  A  more  ex:e:)ded 
knowledge  of  the  genus  may  aher  this  openson.  bet  :h*^  U  cenainiy 
our  view  from  the  material  at  our  disposal  up  :o  the  present  time. 
Before  we  leave  the  Cephalopoda  we  may  as  weU  scare  that 
we  found  no  trace  of  an  AmnKXiite  in  this  zone,  dther  in  the 
Island  or  on  the  Dorset  ooasi.  They  occur  rarely,  howeiner,  in 
the  mucromatOrf^DaiSk.  of  Xorwidi  and  Salisbury,  bo:  we  do  not 
know  to  what  ^Kdes  they  should  be  referred. 

We  recorded  Aptyduts  rugasus  from  Dorset,  but  failed  to  find 
it  here,  but  in  its  stead  we  obtained  the  larger  and  smoother  form 
of  Apijckus  portlocki^  two  examples  at  Scratchell's  Bay  and  one  at 
Whitediff  Bay.  At  Salisbury,  and  in  Hampshire  Apiyikms 
rugosus  is  the  dominant  form  of  the  m^^romata-umt :  but  I>r. 
Blackmore  has  two  examples  of  Aptychau  portl^ki  of  the  large 
«iid  smooth  form  from  the  same  horizon,  and  we  ha\-e  also 
ooUected  another  from  the  Salisbury  area.  It  must  be  conceded, 
laowever,  that  the  true  horizon  for  Aptychus  portl/^ks  is  the  ^ua^t- 
x-o/Kf-chalk,  and  that  in  the  latter  zone  the  valves  are  smaller 
^xd  more  lamellate. 

Echinoderma  is  here  an  all  important  group  and  obtains  a 
rich  development,  but,  owing  to  the  hardness  of  the  rock,  nothing 
i^  found  in  a  perfect  state,  nor  can  the  fossils  be  properly 
cleaned. 

£chinocorys  scutatus  is  abundant,  and,  so  far  as  we  can 
^^certain  from  our  mutilated  material,  occurs  in  three  principal 
shape-variations.  The  form,  which  is  alike  the  commonest  and 
■fJos^  useful  in  the  field,  is  the  small  pyramidal  shajv-\-aria- 
*^*^  resembling  Echinoconus  conicus  in  outline,  and  of  very  much 
^^  same  size.  It  is  happily  very  abundant,  for,  as  we  have 
"^'^le  mentioned,  we  have  often  to  rely  on  it  entirely  in  fixing  the 
^^  of  the  chalk  on  the  northern  limit  of  the  Chalk  Ridge.  Even 
^^  ^-  small  form  such  as  this  a  perfect  example  is  quite  a  rarity, 
^l^  the  best  examples  are  those  which  are  in-filled  with  flint.  It 
P^^J^bly  runs  in  bands,  as  in  Dorset,  for  though  we  have  here  no 
^^^cn  in  horizontal  chalk  in  which  we  can  trace  it,  individual 
J***^»i  masses  often  contain  many  examples ;  as  an  instance  of  which 
J^  Uiay  state  that  one  small  block  at  Whitecliff  Bay  contained 
K^oteen  examples  on  the  surface  alone.  We  have  found  this 
^^ll  pyramidal  form  at  the  extreme  base  of  the  zone,  and  at  its 
^^^tact  with  the  Eocene,  both  in  Dorset  and  the  island,  and  it 
l^^tixs  abundantly,  so  far  as  we  can  tell,  at  all  the  intermediate 
jj  ^Is.  The  same  form  is  equally  characteristic  of  the  zone  in 
^^^pshire  and  Wiltshire. 
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There  is  a  large  form  which  assumes  the  shape  of  a  slightly 
pointed  dome,  thereby  closely  resembling  the  well-known  shape- 
variation  found  at  Norwich.  We  have  as  yet  failed  to  get  a 
perfect  example,  but  crushed  specimens  are  by  no  means  rare.  ^ 

Professor  John  Milne  has  two  very  large  examples  from  the  Shide         ^ 
(Quarry  (No.  49)  which  are  practically  perfect. 

Another  interesting  variety  is  that  in  the  shape  of  a  tall,       ^^ 
rounded  dome,  much   compressed  laterally.     We  found  it  at     j^-^m 
Scratcheirs  Bay,  Alum  Bay,  and  pits  No.  61,  Apes  Down,  and    -^:>( 
No.    105,   Mount  Joy.      The  very  small  forms  with  thin  test,  ,^ar^t 
which  we  record  at  Ballard  Head,  was  not  found  here,  but  since -^^.rrzi 
the  publication  of  the   Dorset  Paper  we  have  collected  it  atz^^g^ai 
Norwich,  and  examples  may  be  seen,  both  in  calcite  and  a^^j^eaj 
flint  casts,  from  the  gravels,  in   the  fine  museum  in  that  city  ^.^^y. 
By  no  means  the  least  interesting  find  in  this  zone  was  that  of«=»of 
three  immature  examples  of  EchinocorySy  measuring  but  2  mmM.^»  jp. 
in  diameter.     The  only  other  similar  instance  with  which  we  ar^THr  jt 
acquainted     is    in     Dr.    Blackmore's    collection,    where    nin  m. — sie 
examples   were  found   inside  a   full   grown  Echinocorys.      Th-«-"Jhe 
scarcity  of  very  young  forms  is  always  a  source  of  wonder  in  th*^ — :*e 
field,  but  it  is  probable  that  diligent  search  would  result  in  a 

better  knowledge  of  the  subject. 

CarJiaster  piliuia  is  another  new  record  in  our  experiena       ce 
of  mucronata'K\\dW,  and  is  generally  of  a  small  and  rounded  shap 
It  is  not  merely  found  in  the  base  of  the  zone,  for  we  ha- 
( oUected  it  at  the  Eocene  junction  at  Alum  Bay,  at  pit  No. 
Shidc,  at  No.  41,  Brading  Station,  as  well  as  at  the  middle  of  li 
zone    at    Scratchell's    Bay.      It   j)robably   occurs   at    the   sar 
horizon   in    Hampshire,    but    not    in    the   Salisbur)*   area,   ai 
Mr.   Brydonc  says  that   he  has  found  it  at  the  same  level 
Suffolk. 

CarJiastcr  ananchyiis^  though  by  no  means  a  rare  fos  *  -■  "> 
is  always  broken,  both  on  the  Dorset  coast  and  in  the  Isla^  ^  ^» 
while  its  aljsolute  restriction  to  this  zone  makes  it  a  relia  • — ^^^ 
guide-fossil.  The  only  exception  to  this  rule  with  which  we  ^^r»^^ 
aivjuainted  is  in  Yorkshire,  where  it  ranges  from  the  zone  _  ^^ 
Micrastcr  cor-afiiiuinutn  to  that  of  Actitwcamax  (/uadrahis^  bt:=-  "■-  '^o 
an  abundant  fossil  at  the  latter  horizon.  So  far  as  we  know  tbm  «^^^^ 
is  no  mui'ronafa-c\\:i\\i  in  that  county. 

Before  leaving  the  irregular  echinids  it  is  well  to  mention  t:  '^^^ 
a   solitary  example  of  EcJiitiocomts   conicus  has   been  found  • 

Mr.  Walter  P.  Young  close  to  the  junction  with  the  Eocr*^''^ 
at  Alum  Bay.  The  occurrence  is  not  entirely  new,  hower  "^J  *•'[• 
as  Mr.  Mark  Norman  records  it  from  the  same  loa«.l-  *■  ^'' 
and  possibly  this  sj)ecimen  may  he  in  the  \'entnor  Muse"*-**?' 
Mr.  Young's  example  could  not  be  told  from  a  character" i^^^!^ 
Xorthlket  form  from  the  zone  of  Mirrasfcr  cor-an^uinNm,  ^<:>'^  ^^ 
is  of  medium  size,  conical,  flat  in  base,  and  with  an  anus  l3.*l^^ 
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I  marginal.  Anything  more  unlike  the  depressed  form  which 
aund  at  Norwich  it  would  be  difficult  to  imagine. 
Jiicrasfer,  as  in  Dorset,  was  represented  by  a  portion  of  a 
;  found  at  Scratchell's  Bay.  It  is  not  found  in  Hampshire  or 
:he  Salisbury  area,  but  we  have  collected  it  at  Norwich,  Wey- 
irn,  and  Trimingham,  where  it  is  always  a  rare  fossil. 

Of  the  regular  echinids  we  note  Cyphosoma  konigi, 
t^hosoma  coroiiare,  Salenia  granulosa^  and  SaUnia  geometrical 

three  former  being  unusually  high  occurences,  for  we  believe 
t  neither  Mr.  Griffith  nor  Dr.  Blackmore  has  recorded  them 
en  this  horizon.     Salenia  was  not  found  in  Dorset. 

The  Cidarites,  as  at  Ballard  Head  and  Studland  Bay,  are  here  of 
ruliar  interest,  the  characteristic  form  being  Cidaris  serrafa, 
ich  is  the  more  valuable  as  a  guide- fossil  in  that  it  is  restricted 

the  tnucronata-ch.^Wi,  The  universally  prevalent  Cidaris 
'udo'is  here  found  in  abundance,  and  Cidaris  subvesicuiosa  is  also 
rly  common.  We  did  not  see  any  spines  of  Cidaris  serrata 
:h  triple  denticles,  as  in  Dorset,  nor  did  we  find  the  spines  of 
darisy  sp.  nov.,  which  we  mention  on  p.  62  of  the  Dorset 
per.  We  have  never  seen  Cidaris  sceptrifera  or  Cidaris  clavigera 
this  zone,  though  we  have  found  them  both  in  the  lower  part 

the  quadratus<^[va^  on  the  Sussex  coast. 
The  chief  interest,  however,  centres  round  Cidaris  pleracantha^ 
5  spines  of  which  we  have  already  recorded  for  the  Dorset  Coast, 
lere  we  found  four  examples.  Here  we  were  fortunate  enough 
secure  seven  specimens,  all,  however,  in  a  poor  state  of 
^servation.  Those  from  Dorset  were  found  in  the  upper  one- 
rd  of  the  zone,  while  those  from  ScratchelFs  Bay  came  from 
-  lower  half,  so  that  it  is  possible  that  it  ranges  sporadically 
'oughout  the  mucronata-o^^iSk, 

U  would  occupy  too  much  space  to  give  a  description  of  the 
'Jes  by  the  various  authors,  so  we  content  ourselves  with  giving 
'  following  references  : 

^Ssiz.— Ga/.  Syst.  Ectyp,  Foss.,  p.  10,  1840. 
'^Onet. — Oursins  Foss.  de  I'Eurt,  p.  4,  1850. 
^"^.—Synops.  des  ^hin.  Foss.,  p.  14,  Fips.  7-10,  1856. 
^EAU. — Pal.  franf.  Ter.  Cret.,_p.  310,  Figs.  1-13,  1865. 
tGHT.— /*.//.  Soc.,  Afon.  Brit.  Foss.  Ech.,  p.  67,  PI.  XI,  Fig.  5,  PI.  XH, 
Fig.  5,  1864-1882. 

^Ve  have  been  at  some  pains  to  work  out  the  French  and 
5lish  occurrences  of  this  rare  species,  so  we  give  them  in 
^il  in  order  that  we  may  show  how  the  wide  gap  between  the 
^s  of  Holaster  subglobosus  and  Belemnitella  mucronaia  has 
»^  closed  up  by  further  collecting  and  inquiry.  Sorignet  is  the 
y  writer  who  claims  to  have  found  the  test  of  this  urchin,  and 
'"^  would  seem  to  be  some  doubt  as  to  the  determination  of 
Specimen.    The  other  authors  content  themselves  with  stating 
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that  the  test  is  unknown ;  nor  have  we  been  any  more  fortunat-^^^^ 
though  we  have  made  special  search  for  it.     The  known  occi^^ 
rences,  so  far  as  our  investigation  goes,  are  as  follow : 

BiUmnitella  mucronata     .        •    Meudon  (Agassiz,  Desor,  Cotteau). 
BilimnittUa  mucronata  Dorset  and  Isle  of  Wight  (Rowe), 

White  Chalk  of  Civiferes  (Eure)     (Sori^et). 
Acttnocamax  quadratus      .         •     Spettisbury,  near  Blandford  (i/sf. 

Pract,  Gtol.^  No.  20370). 
Upper  White  Chalk  of  Sussex  .    (Desor). 

Micraster  cor-anguinum     .  Arreton  (Isle  of  Wight),  (Barrois). 

MicrasUr  cor-anguinum      .  Northfleet  {Sedgwick  Mus,). 

Micraster  cor-angMmum      .  Thanet  Coast  {Rotog  Co//.% 

Holaster  iubglobosus  .  .     Sussex  and   Dorking  {Brit,  Mus, 

Nat.  Hist.), 

The  Agassiz  types  (casts)  can  be  seen  at  the  Brit  Mus.  (Na^s;.^ 
Hist.),  and  our  examples  from  Dorset  and  the  Island  coniforK~-^»: 
closely  to  them.     The  original  spines  from  which  the  casts  wer^ 


taken  came  from  Meudon.     We  have  been  unable  to  ascertaE-- 
the  zone  of  the  White  Chalk  of  Civieres.     The  examples  fro  «^m 
Spettisbury,  Northfleet,  and  those  from  the  Grey  Chalk  of  Sussm^kx 
and  Dorking  have  all  been  examined  and  we  have  no  doubt      ^ 
to  their  determination.     The  zone  of  the  Arreton  example        » 
doubtful,  for  though  Dr.  Barrois  records  it  under  the  heading  ^f 
the  Micraster  cor-anguinum-zone^  a  glance  at  his  list  of  foss^mls 
{op,  df.f  p.  25)  leaves  us  with  the  suspicion  that  the  zones    ^ 
Marsupites  and   Actinocamax  quadratus  are  here,  as  in  otlm^i' 
localities,  coupled  with  the  zone  in  question.     The  reference  to  t'fc"^ 
upper  White  Chalk  of  Sussex  would  seem  to  indicate  the  zoim^* 
of  Marsupites  and  Actinocamax  quadratus  also.     In  any  case»     ^ 
is  clear  that  we  have  been  able  to  bridge-over  several  hundr^^ 
feet  of  the  gap   between  the  highest  and   lowest  occunrenc^^ 
hitherto  recorded. 

Bourgueticrinus  yet  again  appears  as  a  guide-fossil  for  tB^ 
zone,  for  we  had  the  good  fortune  to  find  several  heads  of  tfc' 
crinoid  both  at  Ballard  Head  and  Scratchell's  Bay.     The  head 
practically    indistinguishable    from    that    characteristic    of  t^ 
Marsupites-zonQ.     When  we  first  found  it  in  Dorset  we  thou^ 
that  it  differed  from  that  in  the  lower  zone,  but  a  larger  series 
specimens  would  seem  to  bring  the  two  forms  into  line.    X* 
columnars,  however,  differ  widely  from  those  in  the  MarsupfJ 
zone,  for  they  are  small,  contracted  in   the  centre,   and  inr 
excavated  articular  surfaces.     We  have  made  inquiry  and  ff 
that  the  head  in  this  zone  is  unknown  to  other  collectors, 
have  also   examples  from  Trimingham,  which  closely  resem 
those  from  the  mucronata-chdWi  of  the  Island. 

The  separate  ossicles  of  Asteroidea  are  for  once  a  useful  gi 
in  the  field.  We  know  that  the  different  genera  and  species  1" 
their  zonal  restrictions,  but  specimens  with  connected  ossicle? 
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"are,  save  in  quarries,  that  those  who  work  on  the  coast  find 
m  of  no  zonal  value  whatever.  Dr.  Blackmore's  magnificent 
ection  of  perfect  examples  from  Salisbury  and  Micheldever, 
rever,  have  enabled  him  to  use  the  separate  ossicles  as  zonal 
lies,  and  we  have  obtained  his  assistance  with  those  mentioned 
this  paper.  Mr.  Spencer  in  the  forthcoming  addition  to  his 
nograph  will  figure  the  characteristic  marginal  ossicles,  so  that 
y  will  then  be  available  for  use  in  the  field.  We  find  that  our 
irences  to  Calliderma  latum  and  Oreaster  bulinferus  as  guide- 
sils  to  this  zone  in  Dorset  was  a  mistake,  and  Dr.  Blackmore 
i  Mr.  Spencer  refer  them  to  Pycnasttr  angustatus.  Here,  as 
Dorset,  these  large  ossicles  are  quite  numerous,  and  as  they 
dily  catch  the  eye,  we  have  no  hesitation  in  employing  them 
fossils  locally  characteristic  of  the  zone,  for  at  no  other  horizon 
^e  we  found  them  so  large  or  so  numerous. 

Brachiopods  are  again  of  high  importance  as  guide-fossils,  for 
ar^5  punUlus^  Crania  costata,  Kingena  lima^  Rhynchotulla 
tiata,  and  Terebratula  camea  are  all  of  definite  service  in  the 
Id.    They  are  all  abundant  in  the  Island. 

Magas  punUlus  has  never  to  our  knowledge  been  found  below 
2  mucronata-zoTi^^  and  is,  therefore,  when  found,  an  absolutely 
fe  guide  to  horizon.  Unfortunately,  it  is  erratic  in  its  in- 
Icnce,  especially  in  the  Isle  of  Wight     In  Dorset  we  found  it 

the  base  of  the  zone  at  Arish  Mell,  and  abundantly  in  the 
iper  portion  at  Ballard  Head  and  Studland  Bay,  and  in  the 
wizontal  chalk  at  Wool.  Here  it  is  quite  common  at  Alum 
^y,  at  the  junction  with  the  Eocene,  and  not  rare  at  pits  No.  i 
!<i  a,  Freshwater.  The  other  occurrences  are  noted  on  p.  284. 
e  did  not  find  it  at  the  base  of  the  zone  at  ScratchelFs  Bay. 
t  Salisbury  Dr.  Blackmore  has  only  found  three  examples, 
assuring  4  mm.  in  diameter,  while  Mr.  Griffith  does  not  record 
.for  Hampshire.  We  have  it  at  Norwich,  Weybourn,  and 
"'ojingham. 

J^kynchonella  limbata^  though  it  has  an  unbroken  range  from 
r  2one  of  TerebratuHna  gracilis  upwards,  is  here  fully  character- 
^^  of  the  mucronata^^xa^y  for  it  is  of  the  small  inflated  form 
^Wn  as  Rhynchonella  lentiformis,  Woodward.  For  further 
^^ilnation  on  this  point  see  our  paper  on  the  Dorset  coast, 

63  and  64. 

kingena  lima  has  also  a  characteristic  shape- variation,  being 
5^  and  pentagonal.  The  shape  is  rounded  in  the  Marsupites- 
'^,  somewhat  pentagonal  in  the  quadratus-zow^,  and  strongly  so 
'Hat  of  Belemnitella  mucronata.  The  largest  specimens  which 
.Have  ever  seen  come  from  the  quadratuS'Qki2\\i  of  Hamham, 
^^bury. 

fOrania  costata  is  equally  reliable  as  a  zonal  guide,  for  it  is 
Our  experience  absolutely  restricted  to  this  horizon.  It  is 
^^  here  than  in  Dorset.     Hitherto,  we  have  never  seen  a  single 
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example  of  Crania  egnabergensis  in  this  zone,  but  we  can  no^ 
record  a  solitary  example  from  WhiteclifF  Bay.  The  reference  ^^ 
Crania  cosiata  is  G.  13.  Sowerby,  "  Genera  of  Recent  and  YoS^^ 
Shells,"  No.  xii,  fig.  6,  1823. 

Terebratula  carnea  is  not  of  large  size,  but  is  fairly  comm^^ 
here,  and  is  of  the  form  found  at  Meudon  and  characteristic  of  tX^^ 
zone.     This  is  the  only  zone  in  the  White  Chalk  where  it  is  n^^ 
accompanied  with  the  equally  common  Terebratula  semiglohs^       j 
Both  at  Salisbury  and  in  Hampshire  this  condition  holds  gocK** 
but  at  Norwich  we  find,  out  of  hundreds  of  examples,  abo"^^ 
2  per  cent,  where  the  shell  is  narrower  and  the  margin  distinctly 
plicate.     This  is  not  due  to  distortion,   and,  though  slight,     ^^ 
clearly  a  survival  of  the  marked  plication  in  the  examples  fro'^^ 
the  quadrafus-heds  below,  where,  curiously  enough,  T.  semiglobc^-^^ 
would  appear  to  be  commoner  than  2\  carnea, 

Rhynchonella  plicaHlis  is  decidedly  rare  here,  and  of  small  si^^* 
It  occurs  at  Salisbury,  in  Hampshire,  and  on  the  Dor^^^ 
coast,  and  in  the  first  locality  the  size  is  also  small.  The  ma,:^^*' 
mum  in  point  of  size  seems  to  be  reached  in  the  zone  ^^ 
Holaster  planus  in  most  southern  sections,  the  dimension  *^^ 
diminishing  as  we  ascend  the  zones.  The  obvious  exception  "^^ 
this  statement  is  the  murronafa-ch2i\k  of  Norwich,  where  the  sk^^y! 
is  as  large  as  any  found  in  the  Holaster  pianus-zon^.  We  c^LJ^^ 
not  see  the  var.  octoplicata  here. 

Rhynchonella  reedensis,  which  found  no  place  in  our  list  ^"^^^^ 
Dorset,  is  rather  common  here.  Dr.  Blackmore  and  Mr.  Griffii:^^^^^ 
record  it  for  the  same  horizon  at  Salisbury  and  in  Hampsb.:^'^* 
respectively. 

Thecideum  weiherelli  is  by  no  means  common,  but  this  vcm^^^. 
be  due  to  the  fact  that,  owing  to  the  hardness  of  the  rock,  ^"^ 
adnate  forms  are  rare.  It  has  a  range  from  the  zone  o{ Micrasr^^ 
cor-testudinarium  to  the  top  of  the  White  Chalk,  being  nota  ^--^  *y 
rare  at  its  lowest  limit.  At  Scratchell's  Bay  we  found  ^"^^^ 
examples  of  large  size,  with  a  deep  sulcus  in  the  tall  adnate  val-"*^^ 
This  variety  was  quite  new  to  us,  but  we  find  that  Dr.  Blackm  <^r^^ 
has  several  examples  from  the  same  horizon  at  Salisbury.  Tl»  ^^^ 
is  a  close  resemblance  between  these  larger  forms  and  Thedde^^^^ 
vermiculare  from  Trimingham. 

Lamellibranchs  here  are  by  no  means  so  useful  as  zonal  gui«:3-  ^' 
but  those  which  are  of  value  in  the  field  are  Inoceramus  sp.,  Pr^^^^^ 
/:ampaniensis  and  Liffm  granulata.  The  genus  Ostrea  Yr^-^^^^ 
seems  to  exhibit  no  zonal  feature. 

Inoceramus  sp.  is  so  useful  in  the  field  that  we  the  nc"»^^^^ 
regret  our  inability  to  trace  it  in  any  of  the  works  to  whiclm  ^^ 
have  access.  In  our  experience  it  is  entirely  limited  to  this  &^=^  ^^ 
and  is  common  throughout  its  entire  extent.  Dr.  Blackir»r«>  ^^ 
regards  it  as  equally  common  at  Salisbury,  and  equally  distia  ^3^  "^^^^ 
of  horizon. 


WHITE  CHALK   OF   THE   ENGLISH  COAST.  32 1 

JPtcten  campaniensis  is  rare  here,  as  we  only  found  it  at  Alum 
Bay  and  Pit  No.  6,  High  Down.  Dr.  Blackmore  gives  it  a  range 
from  the  Uintacrinus-hssid  to  the  mucronata-zone,  at  Salisbury, 
and  it  is  also  found  at  Norwich  and  Trimingham.  Until  the 
publication  of  Mr.  Wood's  monograph,  most  English  workers  had 
confounded  this  form  with  Pecten  pulchellus^  which  we  now  know 
is  confined  to  the  Trimingham  Chalk.  Quite  recently  we  have 
^>een  able  to  extend  the  range  of  Pecten  campaniensis  in  a  down- 
ward direction,  for  we  have  found  five  examples  in  the  Micraster 
^^-festudinarium-uonQ  of  Dover. 

J^ecten  cretosus,  always  broken,  both  here  and  in  Dorset,  is  of 
''moderate  size  and  fairly  common.  It  ranges  from  base  to  top 
^f  the  White  Chalk,  the  largest  examples  being  found  in  the 
P^^^r-ahis-zont  and  at  Norwich.  Curiously  enough,  it  is  not 
found  in  the  tnucronaia-zone  at  Salisbury,  where  it  is  replaced  by 
^'^^en  mantellianus  (plim  concentricus).  We  did  not  find  the  latter 
^P^cies  in  Dorset  or  on  the  Island.  Mr.  Wood's  record  of  Pecten 
^'^^osus  for  the  Salisbury  area  is  clearly  a  mistake,  as  Dr.  Black- 
o^ore  states  that  he  has  never  seen  even  a  fragment  from  the 
oorix^n  in  question. 

p.  Spcmdylus  spinosus  would  seem  to  be  rare  in  this  part  of 
^•'^gland,  for  we  found  none  in  Dorset,  and  only  one 
^J^niple  at  Scratcheirs  Bay.  It  ranges  throughout  the  White 
S^^lk,  including  Norwich  and  Trimingham,  the  one  exception 
^*ng  the  mucronata'^2^  of  Salisbury. 

-i^Ucatula  cf.  barroisi  was  represented  by  a  single  example  of 
^^^l  size  from  Scratchell's  Bay.  A  similar  small  form,  which 
'Tl^  are  unable  to  separate  from  this  species,  is  found  in  great 
-J^^ndance  at  this  horizon  at  Salisbury,  and  to  a  less  extent  in 
^^  ^uadratus-zoii^, 
•  ^  -CJma  granulata  here  reaches  its  maximum  development, 
^^^H  in  number  and  size,  though  it  never  attains  the  proportions 
^^  ^hose  found  at  Norwich  and  Trimingham.  It  ranges  up  from 
^     zone  of  Micraster  cor-testudinarium^  but  it  is  only  in  the 


the 


^*'^>7?«a/a- chalk  that  it  assumes  zonal  importance.  Dr.  Blackmore 
^^^^s  not  find  it  below  the  Micraster  cor-artguinum-zone  at 
^^lisbury,  and  Mr.  Griflfith  does  not  record  it  in  Hampshire. 

Among  the  rarer  lamellibranchs  we  found  two  broken  examples 
»  f  ^eria  (Avicula)  ccerulescens  (Nilsson),  which  we  have  not 
f^tlierto  recorded  for  the  English  coast,  though  we  have  found 
\2}^  three  other  localities.  The  range  as  at  present  known  is  the 
^*^^tacrinuS'\i2xA  of  Margate,  the  ^uadratus-chalk  of  Salisbury, 
^JJ^  the  mucronata-zouQ  of  Salisbury,  Norwich,  and  Trimingham, 
^  his  hitherto  little-known  species  is  admirably  figured  and  described 
,  y*  Wr.  Woods  in  his  monograph  on  the  "  Cretaceous  Lamelli- 
^^nchia,"  Vol.  ii.  Part  ii,  p.  67,  PI.  ix,  figs.  13-16,  17a,  b, 
*^»   ^9a,b. 

Of  the  corals  Ccelosmilia  laxa  is  the  dominant  form, 
'^•^oc.  Geol.  Assoc..  Vol.  XX,  Part  4,  1908.]  23 
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and  it  is  often  of  large  size,  though  it  never  reaches  the 
dimensions  of  the  magnificent  examples  of  Norwich  and 
lYimingham.  It  is  found  at  the  same  horizon  at  Salisbury.  We 
also  collected  Parasmilia  centralis  and  Axogaster  cretacea. 
Step  ha  nop  hy  Hi  a  micJielini^  which  we  found  at  Ballard  Head,  has 
no  place  in  our  list  here,  but  it  is  is  by  no  means  rare  at  Norwich. 

Cirripedes,  u*jually  so  well  represented  in  the  zone,  were  exem- 
plified by  Scalpellum  maximum  alone.  Pyrgoma  cretacea^  Scalpel- 
lum  fossula  and  Pollicipts  fallax  were  all  collected  in  Dorset  and 
at  Norwich,  but  have  not  yet  been  found  in  the  Isle  of  Wight 

Bryozoa  are  here  strongly  represented,  and  the  chief  forms 
which  catch  the  eye  are  Eschara  adsj  Semieschara  aHforea^ 
Semieschara  woodsiy  Vincularia  santonemis^  Vincularia  bella^  and  -* 

Porina  filifonnis.     All  these  forms,  with  the  exception  of  Eschara  ^ 

ads  and  Vinadaria  sanfoftensis,  are,  in  the  Island,  mainly  restricted  ^ 

\o  the  zone  under  discussion.      Unquestionably  the  most  useful  -^ 

form  in  the  field  is  Porinafiliformisy  which  occurs  in  such  profusion.  -^" 

that  we  have  found  it  in  not  a  few  of  the  barren  quarries  of  the:  ^^ 
Chalk  Ridge.  Curiously  enough,  Porinafilograna^  which  was  so-  ^^ 
common  and  distinctive  a  form  on  the  Dorset  Coast,  is  compara —  — - 
tivcly  rare  here,  though  Mr.  Brydone  found  it  more  abundantly^  '^-^ 
than  we  did.  The  same  remark,  even  in  a  greater  degree,  applie^^  «*=*= 
to  the  massive  undetermined  species  of  Heteropora  which  w^=r  """"^ 
alluded  to  as  being  common  at  Ballard  Head  and  Studland  Bay  —  —  "" 
All  the  other  forms  which  we  have  mentioned  are  common  ai  ~ 
Scratchell's  Bay,  Alum  Bay  and  Whitecliff,  Vincularia  santonensi- 
and  the  two  species  of  Semieschara  being  particularly  abundant:^ 
Eschara  ads,  E.  galeata,  E.  lamarcki,  and  E.  stigmatophora  (?)  ar* 
all  strongly  represented. 

We  are  indebted  to  Mr.  Brydone  for  valuable  assistance  i 
identifying  these  beautiful  forms. 

In  no  other  zone  does   Serpula  assume   so  high  a    degr^^^  -=c 
of  importance.     We  have  to   go  back  to   Serpula  avita    of  th^     -^e 
Rynchoncila   cuvieri-y.or\<d   to   find   another  Serpula   restricted  '^  ^izro 
one  horizon.     This  most  distinctive  species  is  von  Hageno\^ '      "'s 
Serpula  canieriata,  sl  smooth,  obtusely  pentangular  form  growizni^^Dg 
in  the  shape  of  an  open  whorl,  after  the  fashion  of  Criocer^,M    — s. 
The   ornamentation   figured    by   von    Hagenow    seems    to      t=)e 

rarely  preserved.     This  species  is  found  at  Norwich,  Trimingha_^K= n, 

and  Salisbury.     Serpula  turbinella  is  larger  and  more  abund£3L      '^l 
than  in   any   other  zone.      Our  lowest  record  for  this   spec^i—  es 
is  a  single  example  in  the  Micraster  cor-fesfudinarium-Aon^^  an<=5L-      it 
increases  in  size  and  number  as  we  ascend  the  zone.     Serp^^^^^la 
pusilla,  figured  by  Sowerby  from  the  Norwich  Chalk,  is  anotl^ — ^er 
new  record,  for  we  obtained  three  examples  from  Scratchell's  13  -^ny. 
The  most  difficult  form  to  determine,  however,  is  a  free-grov^-  m  ng 
.'^erpula  with  six  or  seven  sharp  angles  and  V-shaped  marking  si       on 
the  flat  inter-anj^ular  surfaces.     In  the  Isle  of  Wight  it  is  invari  rx  ^J^K 
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heptagonal,  while  in  Dorset  it  is  almost  as  invariably  hexagonal. 
We  had  the  good  fortune  to  find  one  perfect  example  at 
Scratchell's  Bay  which  differs  from  all  other  species  which  we  have 
found  in  that  it  has  a  base  of  attachment  like  a  Parasmilia.  The 
example  in  question  is  33  mm.  long  and  4  mm.  broad  in  the 
thickest  part,  bow-shaped,  free  of  annular  lines  of  growth,  and 
^th  the  angulations  becoming  more  obtuse  towards  the  rather 
contracted  mouth.  Whether  the  other  examples  were  attached 
in  the  same  way  we  know  not,  as  they  were  all  fragmentary. 
The  only  figure  which  is  in  any  way  suggestive  of  this  form  is  that 
given  by  Goldfuss  in  the  "  Petrefacta "  as  Serpula  sexangularis^ 
Munster.  The  example  figured  is  imperfect  towards  the  base, 
so  we  cannot  tell  if  it  in  that  respect  resembled  our  specimen. 
Serpula  fluctuata,  both  here  and  at  Salisbury,  reaches  a  size  and 
d^^ree  of  ornamentation  seen  in  no  other  zone,  and  is  qu.te  the 
iiandsomest  of  the  larger  Serpulae  found  in  the  White  Chalk. 
In  this  zone  the  flat  spaces  between  the  strong,  wavy  ridges  are 
^beautifully  ornamented  by  horizontal  markings,  and  this  is  a 
feature  which  we  have  seen  at  no  other  horizon. 

Porosphara  here  reaches  an  unexampled  abundance,  and  all 

five   species  are   well    represented,   Porosphara  globularis  and 

Porosphotra    nudformis   being   the   dominant   forms.      On    the 

Mr-weathered  fallen  blocks  at  ScratcheH's  Bay  one  can  collect 

them  by  the  hundred.     The  flat,  cushion-shaped  variety  of  the 

former  seems  to  be  hardly  so  common  as  in  Dorset,  while  in  the 

case  of  the  latter  the  largest  and  most  strongly  grooved  forms 

come    from    the   Island,      Porosphara    pileolus^   though    fairly 

common,  is  notably  smaller  and  rarer  than  in  the  zone  immediately 

below. 

As  in  Dorset,  Leptophragma  murchisoni  and  Aphrocallistes  are 
™e  most  characteristic  sponges  preserved  in  iron-oxide,  the  latter 
beiiig  from  its  restriction  to  this  horizon  a  reliable  guide-fossil 
"J  the  field.  Ventriculites  radiatus^  though  abundant  here,  in  no 
J^y  rivals  the  size  and  abundance  with  which  it  occurs  on  the 

onolk  coast,  where  it  is  quite  a  feature  of  the  zone.       The 
^l^nites  are  often  bored  by  Ciiona  and  Talpina, 

.^^''tebrate  remains  are  represented  by  Lamna  appendiculata 
^Oxyr/iina  mantelli, 

^^  this  zone  we  obtained  our  largest  list,  amounting  to  105 
^^es — a  list  which  could  be  greatly  extended  by  anyone  who 
^  Diore  time  at  his  disposal  than  we  had  in  our  brief  visits  to 
^^  sections. 

CONCLUSION. 

Ane  only  part  of  the  English  coast  which  we  have  excluded 

.  our  series  is  that  which  embraces  the  small  and  interrupted 

^^s  at  Weyboum,  Sherringham,  Cromer  and  Trimingham  on 


With  the  completion  of  our  survey  of  the  Isle  ol 
bring  to  a  close  the  series  of  papers  entitled  "  The  Z 
White  Chalk  of  the  English  Coast,"  a  position  whic 
with  mingled  feeling  of  satisfaction  and  regret — of 
that  a  work  which  by  reason  of  its  very  length  h 
exacting  and  oppressive  is  at  an  end ;  and  of  regret  t 
no  longer  the  mystery  of  a  Dorset,  a  Yorkshire,  or 
Isle  of  Wight  to  unravel.  Indeed,  a  task  of  such 
should  only  have  been  essayed  by  one  with  abunci 
The  brief  holidays  snatched  from  an  over-busy  prof 
have,  during  the  past  twelve  years,  been  given  up  i 
to  this  quest;  and  as  not  only  all  the  field-work, 
writing  has  had  to  be  done  in  these  vacations,  away 
and  museum,  it  would  be  little  wonder  if  many  m 
crept  into  the  work,  and  that  holidays  as  means 
recreation  had  failed  in  their  object.  Whatever  the  fi 
extended  survey  may  be,  either  from  insufficiency  o 
and  experience,  or  from  hasty  deduction,  certaii 
material  cannot  be  adduced  as  an  excuse.  Durir 
twenty  years,  while  the  work  has  been  in  the  stag 
anticipation  or  active  progress,  we  have  collected  < 
over  30,000  fossils  from  the  White  Chalk,  to  the  e 
various  genera  and  species  could  be  studied  as  a  vast 
and  not  as  isolated  individuals.  As,  moreover,  ther 
of  these  fossils  which  is  not  accurately  zoned  and  h 
collection  will  in  the  future  be  of  high  value  to  those 
study  genera  and  species  in  bulk,  unharassed  by  an 
bred  of  the  now  traditional  museum  label  bearing  a 


•  "jr.anfiTng  nature,  often  actually  misleading  to  the  worker  in  the 
Celd.' 

However,  whatever  the  limitation  of  the  work  may  be,  it  is 
frankly  zonal,  and  therefore  zoological.  The  keynote  to  the 
"^rhole  series  was  given  by  the  publication  in  1 899  of  "  An  Analysis 
<jf  the  Genus  Micraster'**  before  the  stratigraphical  element  was 
Introduced  The  desire  has  been  to  show  that  not  only  is  the 
20i]al  theory  correct,  in  that  at  certain  indeterminate  levels  of 
the  Chalk  there  exist  fossils  which  are  either  rigidly  restricted  to 
«ach  particular  zone,  or  certain  groups  of  guide- fossils  which, 
Though  not  so  restricted,  are  by  their  association  eijually 
characteristic  of  horizon  :  but  that  certain  fossils  \-ary  so  markedly 
in  shape  and  other  essential  features,  as  they  range  from  a  lower 
to  a  higher  level,  that  we  can  assign  these  shai>e-variations  with 
unerring  certainty  each  to  their  particular  zone.  Another 
element  of  interest  has  been  the  attempt  to  trace  the  almost 
equally  instructive  variation  in  horizontal  distribution,  and  as  our 
area  of  obser\ation  has  widened  so  has  the  fascination  of  the 
problem  increased. 

It  is  only  in  a  deep-sea  deposit  like  the  Chalk,  with  slow, 
placid,  and  uninterrupted  sedimentation  taking  place  over  vast 
periods  of  time,  that  we  can  reasonably  hoi)e  to  follow  out  every 
stage  in  the  unbroken  continuity  of  the  evolution  of  a  genus,  or 
the  equally  interesting  zonal  \*ariation  of  a  species  ;  and  if  "The 
White  Chalk  of  the  English  Coast,"  has  in  any  way  brought 
forward  new  facts  contributing  to  the  study  of  the  evolution  of 
Ibssil  forms,  we  feel  that  our  bbour  will  not  have  l>een  in  vain. 

We  know  that  it  is  only  by  amassing  a  vast  zonal  collection  of 

the  more  important  guide-fossils  that  we  can  attempt  to  educe 

any  effective  generalisation  from  the  stand|)oint  of  evolution.     To 

this  end  we  have  rigidly  excluded  from  our  rolleclion  every  fossil, 

however  perfect  its  condition,  where  the  derivation  was  in  the 

least  degree  uncertain.      In  our  eyes  a  damaged  fossil  from  a 

definite  horizon  is  of  more  value  than  the  fairest  fossil  from  the 

"South  of  England."     By  collecting  in  this  exclusive  spirit  we 

find  that,  not  only  do  such  groups  as  the  e(  hinids,  belemnites, 

brachiopods,    and    lamellibranchs   yield    us    resuhs    fertile    in 

deduction,   but  that  almost  equally  useful  conclusions  may  be 

drawn  from   such   unexpecteii  sources   as   the    bno/oa,    cc^rals, 

serpulx  and  sp)onges.     Indeed,  there  is  hardly  a  group  which,  if 

handled  in  sufficient  numbers,  cannot  be  made  to  tell  its  own 

part  in  the  great  story  of  evolution   in    the   times   of  the   old 

Chalk  Sea.     1'he  patient  labour  of  men  like  Mr.  S.  S.  Huckman 

and  the  late  Mr.  J.  F.  Walker  is  l)earing  its  results,  and  as  more 

observers  are  enlisted  to  work  on  the  same  lines,  so  will  the 

broadness  of  our  deductions  be  increased. 

•  Quart,  Joutn.  Ceol,  Soc,  vol.  Iv,  p,  491. 
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particular,  for  not  only  were  the  measurements  worked  out  by 
an  experienced  observer,  but  we  were  thereby  freed  to  devote 
ourselves  to  the  increase  of  our  otherwise  meagre  lists. 

IDr.  G.  T.  Prior  has  kindly  contributed  a  note  on  the  while 
siliceous  nodules  (see  p.  289). 

"VVe  are  much  indebted  to  Professor  J.  W.  Gregory  for  his 

'^■'^<iness  in  publishing  a  preliminary  note  on  and  diagnosis  of  the 

*^^^aixtiful  little  bryozoon,  which  he  has  described  in  his  forth- 

^^'^^ing  British  Museum  Catalogue  of  Bryozoa  under  the  name 

^^  -^icavea  rotaformis.     This  fossil  is  so  abundant  at  its  particular 

^oriaron  in  the  Island  and  of  such  high  zonal  interest  that  we  were 

P^i^icularly  anxious  to  be  able  to  quote  it,  and  this,  through 

^'■^^ftissor  Gregory's  kindness,  we  have  now  been  enabled  to  do. 

^    reference  to  this  fossil  will  be  found  on  p.  220  of  this  paper. 

To  Dr.   F.  A.   Bather,   Dr.   H.    P.   Blackmore,  Mr.    R.  M. 

Brycione,  General  C.  F.  Cockburn,  Mr.  G.  C.  Crick,  Mr.  G.  E. 

I>ib>ley,    Mr.    C.    Griffith,    Mr.    Herries,    Dr.     F.    L.    Kitchin, 

^^r-     W.  D.  Ung,  Mr.  W.  K.  Spencer,  Mr.  H.  J.  Osborne  White 

**"^ci    Mr.  H.  Woods  we  desire  to  express  our  gratitude  for  much 

^^lp>  and  information  given  in  a  manner  so  generous  that  the 

^^l>t  is  but  an  added  pleasure.     One  of  the  features  of  palaeonto- 

^^^Sical  work  in  the  present  day  is  the  ungrudging  assistance  given 

^y   >3vorkers  in  the  same  field,  and  it  is  only  just  to  say  that  much 

^^^  ^  the  palaeontology  in  this  paper  would  have  been  lacking  in 

r*^>irit  and  accuracy  without   the  unselfish  co-operation   of  the 

?-^^0've-mentioned  geologists.     Nor  would  we  forget  the  friendly 

■■^^^tdest  in  the  work  shown  by  those  residing  in  the  Island,  for 

^^^    help  given  by  Professor  John  Milne  of  Shide,   Dr.   R.  C. 

-Brown  of  H.M.  Prison,  Parkhurst,  and  the  late  Dr.  Joseph  Groves 

^^   Orisbrooke  will  always  be  remembered  with  gratitude.     By 

^one  was   the   publication    of  the   paper  awaited   with  keener 

^nticipation  than  by  Dr.  Groves,  and  we  can  only  deplore  the  all 

^^^  early  death  which  cut  short  the  career  of  one  whose  mind 

^^^5  an  inexhaustible  storehouse  of  scientific  fact  and  local  lore. 

»^  But  above  all  we  would  tender  our  hcartful  thanks  to  that 

??^^  and  most  unselfish  of  friends,  Charles  Davies  Shcrborn,  for 

*s  loyal  and  unremitting  labour,  not  only  in  connection  with  the 

^^^^nt  paper  but  with  the  whole  series.     While  not  a  little  of 

.  ?  Work  on  this  coast  series  had  been  done  before  Mr.  Sherborn 

Joined  us  in  the  field,  it  had  been  done  merely  for  the  personal 

Pl^sure  and  satisfaction  of  working  out  a  zoological   problem, 

^^^   it  is  only  fair  to  say  that,  i)ut  for  his  friendly  insistence  and 

pnerous  help,  not  a  single  word  of  the  series  would  ever  have 

^n  published.     It  falls  to  few  to  have  so  good  a  friend,  and  we 

f^«e  peculiar  pleasure  in  giving  expression  to  an  obligation  which 

'5>  as  profound  as  it  is  sincere. 

It  is  only  those  who  have  critically  examined  the  Chalk  Ridge 
"^  ^be  Isle  of  Wight  who  can  adequately  appreciate  the  difficulties 
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encountered  and  surmounted  in  Mr.  Sherbom's  admirable  maps 
which  accompany  this  paper.  We  were  told  by  those  hig^  m 
authority  that  we  might  possibly  be  able  to  zone  the  coast,  but  that 
in  the  Chalk  Ridge  we  should  find  our  Waterloo.  The  map  is 
an  answer  to  that  challenge.  It  is  certainly  the  most  valuable 
part  of  the  paper,  as  it  shows  the  position  of  every  zone  at  a 
glance,  both  in  the  quarries  and  on  the  coast  It  is,  indeed,  a 
fitting  termination  to  Mr.  Sherbom's  association  with  the  "  Zones 
of  the  White  Chalk  of  the  English  Coast." 

We  have  followed  the  course  adopted  in  the  other  divisions  of 
this  series  of  papers  in  not  including  the  Bryozoa  and  other 
microzoa  in  our  tabular  list  of  fossils  at  the  end  of  this  paper.  It 
is  not  that  we  consider  them  as  lacking  in  value  in  the  field,  for, 
indeed,  the  reverse  is  the  case,  but  simply  to  preserve  the  uni- 
formity of  the  series.  Such  of  the  microzoa  as  are  of  value  in 
the  field  will  be  found  to  have  received  their  due  recognition  in 
the  text  For  the  same  reason  we  have  allowed  certain  fossils, 
the  names  of  which  we  know  to  be  incorrect,  to  remain  unaltered 
in  the  present  paper.  As  instances  in  point  we  would  dte  Tere- 
bratulina  gracilis  and  the  genus  Echinoconus. 

Finally,  at  the  risk  of  unduly  extending  the  scope  of  an  already 
lengthy  jxiper,  we  have  included  in  our  Zoological  Summary 
much  information  concerning  fossils  in  districts  other  than  the 
Isle  of  Wight.  We  in  no  way  regret  this  course,  believing  that  it 
will  enhance  the  usefuhiess  of  the  paper  in  the  eyes  of  those  whose 
opportunity  for  extended  field-work  has  not  been  so  great  as  our 
own.  In  addition,  we  feel  that  in  the  final  paper  of  this  series  a 
fitting  occasion  presents  itself  for  giving  a  general  summary  of  our 
information  concerninc;  the  more  important  of  the  guide-fossils  of 
the  White  Chalk. 

We  have  been  at  some  pains  to  compile  a  table  of  contents 
which  shall  be  at  the  same  time  concise  and  illustrative  of  the 
chief  geographical  divisions  described  in  the  paper.  By  a 
judicious  use  of  different  type  wc  believe  that  the  more  salient 
head-lines  will  at  once  catch  the  eye. 

NOTES  ON  THE  PLATES. 

Plate  VII  I.— CoMrTON  Bay  from  the  West.  The  range  given  is  from 
the  Wealden  to  the  zone  of  Micraster  cor-testudxnarium.  The  latt.T  zone  can 
only  be  worked  from  fallen  blocks. 

Plate  IX. — Eastern  side  of  Freshwater  Bay,  showing  the  .Arched 
Rock,  the  Stag  Rock,  and  the  truncated  end  of  the  old  road  which  used  to 
skirt  the  bay  until  the  sea  cut  its  way  behind  it.  The  range  shown  is  from 
the  zone  oiHolastfr  planus  to  that  of  Aciinocawax  guadratu^. 

Plate  N.— Western  side  of  Freshwater  Bay,  with  High  Down 
CLIFFS,  showing  Tennyson's  Monument.  Oldf^epper  Rock,  New  Ditch  Point, 
Black  Rock,  and  East  High  Down.  The  range  in  Freshwater  Bay  is  from 
the  zone  of  Holasttr  planus  to  that  of  Micraster  cor-anguinum  ;  while  the 
High  Down  cliffs  give  a  range  from  the  zone  of  Rhynchonella  cuvitri  to  the 
Uiniacrintis-  ba  n  d. 
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Plate  XL — Eastern  side  of  Watcombe  Bay,  giving  a  range  from 
the  zone  of  HolasUr  planus  to  that  of  Micr aster  cor-anguinum.  This  is  the 
oolir  accessible  section  of  the  Micr  aster  cor-testudinarium-zont  in  the  Island 
Mdit  is  excellently  exposed. 

Plate  XH. — The  eastern  side  of  Scratchell's  Bay,  showing  the 
Grand  Arch,  Sun  Corner,  and  the  palisade  at  top  of  the  cliff.  The  crowding  of 
we  flint  courses  is  well  brought  out  in  the  surface  above  the  grass  slope.  The 
^•^.dctail  is  given  on  PI.  XIV,  but  this  picture  gives  a  range  from  the  zone 
of  ifscraster  afr-testiulinariun  to  that  of  Aclimocamax  quattratus^  the  fall  in  the 
forej^round  being  in  the  latter  zone  The  palisade  at  the  top  of  the  cliff 
coincides  fairly  closely  with  the  base  of  the  same  zone. 

Plate  XIII. — ^The  western  side  of  Scratchell's  Bay,  with  the 
Weidlks,  giving  a  range  from  the  Afarsupites-band  to  the  zone  of  Bflemnitella 
•""••••/a.  The  Needles  are  cut  in  the  chalk  of  the  latter  zone,  which  begins 
•*  Iwf  *****™  ^g*  °^  ^^  great  fall  at  the  farther  end  of  the  bay.  The  fall 
w  the  foreground  is  in  qtiadratus-cYaW, 

Plaxh  XIV. — General  view  of  Alum  Bay  and  Scratchell's 
J^^^^en  from  a  rock  on  the  landward  side  of  the  third  Needle.  The  Grand 
Suit  ^^^  ^*^  shoreward  Needles,  and  the  junction  of  the  vertical  mucronata- 
****  with  the  vertical  Tertiaries  in  Alum  Bay  are  well  shown.  Note  the 
^nner    in  which  the  chalk  in  Alum   Bay  is  cut  along  the  bedding-planes. 

*^Sc  from  zone  of  Micraster  cor-testudinarium  to  the  Tertiaries. 

j^  ^^^TE  XV. — Alum   Bay,  with  eroded  vertical  mucronata-cH alk 

comtact  with  the  vertical  Tertiaries.    The  contact   with   the 

on  ?if  ^^y  *"  ^^*  middle  of  the  picture,  the  channelling  of  the  clay  by  rain 

jjy^  ^^  extreme  right,  and  the  clay  '"glacier"  in  the  foreground  are  well 

YuJ^^Tb  XVI. — ^Alum  Bay.    Detail  of  eroded  mucronata-CHALK  at 
i^j^^^Nction  with  the  plastic  clay.     The  position  of  the  chalk  from 
^  ^his  picture  was  taken  is  shown  on  PI.  XV. 

B^Y  ^7"^  XVII. — The  southern  cliff  of  the  Culver  from  Sandown 
ajj^jA  giving  a  range  from  the  Greensand  to  the  zone  of  Micraster  cor- 
p^r?**"*-  The  patli  to  the  shore  is  in  the  gap  between  the  dark  and  light 
chilli??*  ^^  ^t*c  cliff.  The  white  mass  on  the  top  of  the  cliff  indicates  the 
pla»-^  *^<=ip  from  the  foundations  of  the  Marconigraph  station,  where  we  found 
"^  of  Marsupites. 

cli^  ^Te  XVIII. — General  View  ok  the  Culver,  showing  the  Eastern 
fliijjj*^^  the  Whitecliff  proper,  together  with  the  White  Horse,  the  belt  of 
b4  se^^  chalk  and  the  nodule-beds,  and  the  fall  in  m«tr(7«a//; -chalk.  It  will 
Hq^y  **  that  the  Whitecliff  face  is  cut  along  the  bedding-planes  as  in  Alum 
b^i,^*  The  dark  discolouration  in  the  centre  of  the  picture  is  due  to  the  chalk 
W^jJ^  ^Uiined  by  a  red  Protococcus  slime,  caused  by  the  constant  dripping  of 
to  ^|j  tp™  ^^ce  of  the  cliff.  Range  from  the  zone  of  Micraster  cor-anguinum 
^  T^ertiaries. 

*i*H£  is^^^  XIX.— Position  of  the  Belt  of  Flintlkss  Chalk  and  of 
*^hc  ^  J^Odule-Beds  in  the  Eastern  cliff  of  the  Culver.  The  discolouration  of 
^o,.^^^*lk  is  due  to  the  red  Protocodus  slime.  Range  from  the  zone  of  Micraster 
^^^t^^^^imtm  to  that  of  Actinocamax  guadratus.  The  nodule-beds  are  num- 
^>"om  below  upwards  on  the  key-plaie. 

'^liff  ^^TE  XX.— The  Nostrils,  Culver  Cliff,  with  pan  of  the  projecting 
**lcl  tk  ^^  ^^*  White  Horse.  The  latter  is  in  the  zone  of  Micraster  cor-anguinum^ 
^*99^  ^^  remainder  of  the  cliff  on  the  left  in  the  zone  of  Micraster  cor-testu- 
^^tx%\  **"*»  ^bc  junction  of  the  two  zones  being  fixed  at  a  strong  tabular  flint- 
^o^l"  ^t  ihe  point  where  the  White  Horse  joins  the  northern  >rostril.  In  the 
^^  ^f  the  southern  Nostril  is  found  the  bed  of  Membrampora  mentioned  in 
^^Xt. 
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Plate  XXI . — ^View  from  East  High  Down  to  Afton  Down,  show^  ^? 
the  position  of  the  Chalk  Ridge,  and  its  relationship  to  the  While  Chalk  *^" 
the  south  and  the  Tertiaries  on  the  north.     Note  the  position  of  Pits  N(^  -  }  ] 

and  No.   2  in  mucrona ta-chsilk  and  their  relation  to  the  quadratus-imt        j*^ 
Freshwater  Bay.     There  is  no  spot  in  the  whole  island  which  so  graphica.  »  JX  ' 

illustrates  the  structure  of  the  land.  The  picture  also  indicates  the  extrew^^  'V 
feeble  barrier  which  now  exists  between  the  inroads  of  the  sea  and  the  ri*-^^ 
Yar,  which  rises  only  a  few  yards  from  the  beach.  Once  this  barrier  '* 
breached,  the  Island  is  cut  in  two.  The  position  of  the  old  road  in  thecast^^** 
cliff  of  Freshwater  Bay  shows  the  encroachment  of  the  sea  in  comparative^  ^V 
recent  times. 

Plate  XXII.— Pit  No.  37  on  the  South  Side  of  BradingDo^-'J^* 
showing   the   "black   marl-band,"  the   "spurious  Chalk    Rock,"  and  -k-**^ 
**  Btcavea-htd.''*     This  is  one  of  the  few  sections  in  the  Island  where  th^^**^ 
three  features  can  be  shown  on  the  same  plate.     The  ends  of  the  mcasuriB^S* 
rod  rest  on  i  he  two  former  features.     The  position  of  the  remarkable  wh»  "i^^ 
flints  which  occur  in  the  lowest  flint  course  in  the  Hoiaster  planm-iont  is  a^'^so 
indicated.     The  **  j^rey  marl-band,"  which  divides  the  zones  of  TenhraiujT^^^ 
gracilis  and  HoIasUr  planus  occurs  *j\  ft.  above  the  **  black  marl-band.'*    1-     ^* 
remarkable  siliceous  nodules  are  not  seen  in  this  pit,  as  the  section  is  notd.^^?^? 
enough.     The  face  photographed  shows,  therefore,  only  the  two  zones  alre^^»-^*y 
mentioned  ;  but  the  front  of  the  pit  displays  the  zones  of  Holaster  suh-^ob^^^'"^ 
and  Rhynchonella  cuvieri.     This  quarry  gives  a  greater  zonal  range  than  ^=^-'■^5 
other  in  the  Island,  for  the  only  others  approaching  it  are  at  Pits  13,  51     :^^^^^ 
77,  and  they  do  not  embrace  the  Grey  Chalk. 

Plate  XXIII.— Pit  No.  77c,  Brighstone  Down,  showing  the"b"^fc-^f^ 
marl-band"  and  the  "  spurious  Chalk  Rock."  The  **grey  marl-band,"  7  ~^k  '^' 
above  the  "  black  marl-band  "  divides  the  zones  of  Terehratuima  graciHs  s»n^ 

Holaster  planus^  and  is  situated  at  the  top  of  the  pit.  Only  these  two  *^^^^^^? 
are  exposed  here.  We  could  not  find  the  "  Btcavea-btd  "  in  this  pit,  as^^—  ^"* 
chalk  where  it  should  occur  was  too  obscured  by  vegetation. 


and 


NOTE    ON    THE   MAPS    OF    THE    ISLE    OF    WI( 
WHICH    ACCOMPANY    THIS    PAPER,    AND    01 
THE  PHYSIOGRAPHY  OF  THE  TERTIARY 
SEA-BOTTOM. 

By  C.  Davies  Sherborn,  Hon.  F.Z.S. 

During  the  nine  weeks  of  1 904-1 906  spent  by  Dr.  Rowe^ 
myself  in  examining  the  White  Chalk  of  the  Isle  of  ^'t^^T*.. 
became  apparent  that  the  preparation  of  a  large  scale  map  cy  '^^  ^ 
Chalk  Ridge  would  not  only  be  essential  to  the  descriptive^  P^" 
of  the  paper  but  would  be  of  more  value  to  the  student  tftr'^  -^"  ^ 
series  of  sections  of  different  localities.  And  for  this  r^-^^"'^"' 
that  a  6-in.  map  enables  one  to  show  sufficient  detail  of  ^^^^L 
section  and  quarries,  particularly  where,  as  in  this  island,  th^ 
are  more  or  less  vertical.  ^ 

To   the  unprofessional  geologist  like  myself  the  plotti  "*^  ^ area 
the  vertical  beds  on  the  east  and  west  limbs  of  the  ChaU^=^ 
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^nted  little  difficulty,  but  the  mapping  of  the  Central  area 
led  formidable,  especially  as  the  time  at  my  disposal  was 
i  insufficient  to  allow  of  a  minute  and  careful  survey  of  the 
Lce.  I  wish,  therefore,  to  record  here  the  assistance  received 
1  the  mapping  of  the  line  of  the  so-called  "  Chalk  Rock  " 
be  map  issued  by  the  Geological  Survey.     After  following 

line  over  the  Central  area  and  satisfying  myself  as  to  its 
tantial  accuracy  I  have  used  it  as  a  base  for  the  calculation 
le  zonal  limits,  which  have  themselves  been  defined  from  a 
iul  examination  of  the  various  pits  or  road-cuttings  now 
sed  And  I  have  the  pleasure  to  thank  my  friend,  Mr. 
1  Howe,  for  his  professional  help  and  suggestion  when 
ing  the  zonal  lines, 
have  been  told  that  it  is  not  possible  to  show  on  the  one 

to  one  mile  map  of  the  Geological  Survey  the  zonal  divisions 
be  Chalk.  In  my  opinion  this  is  nonsense.  It  is  even 
h  pointing  out  that  Barrois  contrived  fairly  successfully  to 
"  the  zones  of  the  Chalk  on  a  scale  of  five  miles  to  one  inch 
>ng  ago  as  1876.  These  divisions  made  by  Barrois  thirty 
I  ago  might  quite  easily  have  been  verified  or  corrected  and 
d  to  our  maps. 

•Jo  one  for  a  moment  can  state  positively  that  the  zonal  lines 
lis  map  are  indisputable,  because  no  one  better  than  the 
Dgist  knows  the  impossibility  of  obtaining  zoological  junctions 
out  openings  from  which  to  obtain  his  evidence.  Such  zonal 
,  if  preferred,  can  be  put  in  by  means  of  dots,  although  even 

precaution  has  not  seemed  to  me  necessary  after  the  short 

spent  in  the  examination  of  the  Chalk  of  the  Isle  of  Wight. 

shifting  of  a  zonal  boundary  line  a  few  yards  north  or  south 
ast  or  west  by  a  subsequent  observer  is  of  far  less  import  than 
omission  altogether  of  such  lines  from  a  geological  map. 
[t  has  also  been  urged  that  such  palaeozoological  knowledge  as 
iedful  for  zonal  purposes  is  only  possible  after  years  of  study. 
5,  also,  is  nonsense.  With  the  exception  of  the  microzoa,  the 
Ik  contains  scarcely  200  fossil  species.  Of  these,  less  than  fifty 
useful  as  zonal  guides,  and  it  cannot  be  held  that  more  than  a 
It's  study  is  needful  to  grasp  the  essential  features  of  structure  in 
mall  a  number  of  forms.  The  same  remarks  apply  to  any  other 
nation  beside  the  Chalk,  so  far  as  the  percentage  of  fossils 
'Value  as  zonal  guides  is  concerned.  The  fact  is  that 
eozoology  has  been  neglected  for  years  in  this  country,  and 
^^logical  Surveyor  has  not  been  encouraged,  and  often  has 

bad  the  knowledge,  to  collect  for  himself  the  zoological 
ence  necessary  for  the  proper  interpretation  of  his  field- 
dually  nonsensical  statements  have  been  made  as  to  the 
*ssibility  of  zoning  pits.  We  refuted  them  in  the  Yorkshire 
''j  they  have  been  disproved  by  all  the  amateurs  working  on 


332  DR.    ARTHUR  W.   ROWE  ON  THE  ZONES  OF  THE 

the  Chalk  of  late  years,  and  are  finally  exploded  in  this  present 
paper.  Naturally,  it  is  dangerous  to  zone  pits  without  a 
knowledge  of  the  fauna,  but,  with  that  knowlec^e,  half-an-hour 
should  enable  anyone  to  come  to  a  fairly  definite  conclusion  as 
to  the  position  in  the  series  of  the  beds  he  is  investigating. 

A  point  of  especial  interest  brought  out  by  the  present  survey 
is  the  evidence  as  to  the  physiography  of  the  sea-bottom  on 
which  the  lowest  Tertiary  beds  in  this  area  were  deposited. 
Although  it  has  been  known  for  years  that  extensive  denudation 
occurred  i  n  this  country  at  the  close  of  the  Cretaceous  period,it  has  not 
been  possible  till  now  to  show  a  section  of  the  Cretaceo-Tertiary 
junction  of  any  length.*  We  are  now  able  to  show  such  a  section 
twenty-one  miles  in  length,  and  to  show  it  with  sufficient  accuracy 
to  draw  the  conclusion  that  in  this  particular  area  the  later  con- 
ditions seem  to  point  to  subacrial  (and  consequent  washing) 
action  rather  than  to  a  plain  of  marine  denudation.  The  very 
striking  thickness  of  mucronaia'cYisilk  left  at  intervals  of  the 
section  seems  to  mark  high  downs,  while  the  cuts  into  the 
^uadrafuS'Chalk  may  represent  the  remains  of  water-courses  in 
the  old  landscape.  As  the  chalk  sank  beneath  the  sea  all  super- 
ficial features  would  be  stripped  off. 

This  uneven  surface  of  the  bed  of  the  Plastic  Clay  sea  would, 
in  its  turn,  naturally  suggest  that  there  may  be  something  wrong 
with  the  mapped  thickness  of  the  Plastic  Clay  in  this  area.  It  is 
hardly  conceivable  that  so  uniform  a  thickness  of  clay  as  is  shown 
on  the  Geological  Survey  map,  could  have  been  laid  down  on  a 
sea-bottom  which  varied  in  depth  in  its  own  features,  from  500  ft 
to  nothing,  within  a  distance  of  two  miles.  We  should  possibly 
find  that  the  Plastic  Clay  in  the  Isle  of  Wight  showed  a  great 
variation  in  thickness,  and  it  would  be  an  interesting  question  for 
some  geologist  to  take  up.  So  long  as  the  Chalk  is  unzoned 
such  a  source  of  error  is  quite  possible,  but  directly  the  zonal  age 
of  the  Chalk  is  determined,  suspicion  is  aroused  as  to  any  uniform 
thickness  of  the  low^est  Tertiary  deposit  being  possible  on  a  surface 
showing  hills  of  considerable  height. 

The  measured  thickness  of  Plastic  Clay  in  the  Isle  of  Wight 
is,  so  far  as  I  have  found  it  published  : 

Feeu\  r 

Alum  Bay      .        .      84  Mem.  Geol.  Surv.,  Isle 

Downend       .        •     iio   l_  _l    of     Wight     (Sheet     10), 

Ashey     ...      92    j  |    1862,    p.    ^4;    do.,    do., 

Bradinp          .         .     140  1880,  p.  95. 

Whitecliff       .         .     163  .^  V         -"  J'   ^^ 

These  are  in  themselves  suggestive,  but  not  extraordinary. - 
A  series  of  measurements  from  Alum  Bay  to  Downend  should 
prove  of  much  interest. 

*  Messrs.  Treacher  and  White  have  made  some  valuable  observations  on  this  snbje«»- 
In  the  north  of  the  London  basin,  in  l*roc.  Geol,  Assoc. ,  xix  (9).  1906,  p.  395. 
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This  Map  of  the  Chalk  Ridge  of  the  Isle  of  ^^ght  has  been 
presented  in  eleven  somewhat  arbitrary  sections  on  six  sheets,  as 
it  seems  more  convenient  for  use  in  the  field,  and  less  likely  to 
tear  or  otherwise  damage  than  if  the  map  were  in  one  folded 
sheet.  The  eastern  and  western  limbs  of  the  Ridge  are  given  on 
the  scale  of  six  inches  to  one  mile,  while  the  central  area  is 
given  on  that  of  two  inches  to  one  mile. 

The  Chalk  of  the  southern  area  of  the  Island  does  not  come 
within  the  scope  of  this  paper,  as  it  is  msunly,  if  not  entirely, 
confined  to  those  beds  below  the  White  Chalk  beds,  with  whid\ 
this  paper  does  not  deal. 

The  Index  provided  to  the  four  previous  papers  has  been  re- 
printed and  completed  so  as  to  include  references  to  this  fifth 
paper,  which  completes  our  survey  of  the  White  Chalk  of  the 
English  Coast. 
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L[ST    OF     FOSSILS 


FROM     THE     WHITE 

ISLE  OF  WIGHT. 
ABBREVIATIONS. 


CHALK    OF   THE 


B.  M.  s=  Zone  of  BeUmnitella  tnucrcnata, 
A.  q,  —  Zone  cX  Actinoc»max  quadmtus. 
Af.  t.  •=■  Zone  of  MnrsuMtes  iesitidinarius, 
Jf.  c.'O.   =  Zone  of  Micrasitr  cor-an^ui' 
num. 


M.  c.'t.  =    Zone    oX   MierasUr  ctr^Obh 

dittturiwut, 
//.>.  =  Zone  of  HoiasttrpUmMt, 
T.  g,  —  Zone  of  TertkrmtuUma,  gmdUt. 
R.  c.  =  Zone  of  RhynchtnuUa  amtri. 


C.  common  ;   R.C.  rather  common ;   R.  rare ;   R.R.  rather  rare. 


^,JW. 


V'fKtricuHtes  rm/mftts,  Man  I.    ^   ... 
ViHtrkuhUs  imprtssttSy  T.  Smith 
VtnirkuliUs  ^ickrr£m,  T.  Smith 
VintrkuhUs  mammiiarh^  T.  Smkh 
Vtatrtculilfi  cri&osus^  Phil  I, 
Vtniricuhies  mfi^ndihuhprmis^  S.  Woodw, 

Plocosi^phid  cGnvu/tfM^  T*  Smith ».. 

Ploc&scyphm  iahrosa^  T.  Smith* 

Pi&COityphm  cl^Jfrtts/raia,  T.  Smith 

CV/4(iA>«Aj»r//*if,  ManL. 
Cratfcularia  ^t(oni,  Mnnt. 
Cosciniip<ira  injundihuh/brmh^  Goldf, 
Ztptophraj^a  mur^hisom^  Goldf.... 
Guttiardm  iUiiata^  MichK*.* 
ApArocaWsitt^  sp*  ,*. 
Fiac9ir£ma  crjiaicum^  Hindc 

CliOKa  erriac^a^  Foitl.       ...  

Dory  derma  ratttffsvnt^  Mant, 
NeUroilimta  obiiqua^  Benett 
Stphonid  iSnt^j  Mant.      ...         ... 

FlinthQStUa  tompacm,  Hinde 
Piinihosfiia  s^vtimosa ,  Z  i  ttc  I 
Ph&rilrGipon^Ui  strakani.  So  lias... 
F&r0ipAara  gkhuhtii^  Phill. 
P&tmpktitta  nuufot^ii^  von  Hag. 
PorospA^ra  piltifhts^  PhilL 
pQrosphfrrft  patelliformj^ ,  Hinde 
P0r&sph(¥.ra  ti  rr^f/a ,  H  i  n  de 

Talpfna  sp,^  von  Hag. 

SpinApi>ra  diseoni^  Lonsdi  .*. 

Cvhsmi/ia  iaxa^  Ek  and  H. 
Parasmjha  certira/h,  Man  I. 
Parasmilia  gmnuitftd^  Dune. 
Caryaphylim  fyiindracea^  Rss, 
OHckoir&chui  sfrptnlinti^.  Dune,  -.. 
Sttpkan&pAyiim  hmerhanM^  E,  and  H , 
Micrahacia  coronuia,  Gold!. 
Axo^asUr  ereiacfa,  Lonsd, 


R. 


R.C, 


A.f. 


R.R, 


R.C. 


R.R 

C, 
C 

R.R. 

C. 

R.C. ' 

C. 
R.C. 


f 

I  R.C, 

I  c. 
R.k, 

R  R. 

jR.R 

R. 


M   i      ^* 


R.C 

K.K. 
R.R. 


C. 

C. 
R.H, 
R.R. 


■    f 


R.C, 


H. 

C. 
Jl.R, 
R.R 
R,R, 

R, 


RR 


K.R. 


C. 

C 
R  R. 
R.R. 

C. 
RR. 
R.R 

C 

R,C. 
R.C 
R,R. 

R. 


R. 


.^:  ^  > 


c. 

R,R. 


R.R. 


R. 

R^C. 


R,R. 

C. 
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fl.t 


R.R. 


R,C. 


iLC. 
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B,m. 

A.g, 

M.t. 

c.-a. 

c.-t. 

H.^. 

r... 

R,  c. 

Woodw.           

c. 

C. 

C. 

C. 

C. 

C. 

R. 

R. 

i>y 

R.R. 

... 

... 

... 

... 

•  .. 

... 

,Sby 

R. 

R. 

... 

... 

R.R. 

R. 

R. 

R. 

«.Sby 

\  V.  Hag 

R.C. 

R.C. 

R.R. 

R.C. 

R.R. 

R.R. 

R.C. 

... 

R.C. 

... 

... 

... 

... 

... 

.•• 

... 

igonal)            

C. 

... 

... 

... 

... 

... 

... 

... 

aim,  S.  Woodw. 

... 

... 

... 

... 

... 

R. 

... 

... 

Sby 

Ad(.       

R. 

... 

... 

R.R. 

C. 

R. 
R.R. 

... 

... 

Sby.    ... 

R. 

... 

... 

... 

... 

... 

... 

R. 

f,          ...        ...        ... 

... 

... 

... 

... 

... 

... 

... 

C. 

1  Sby.   ...        ...        •.. 

C. 

C. 

R.R. 

R.R. 

... 

... 

... 

... 

Idf.        

C. 

c. 

R.C. 

C. 

c. 

C. 

C. 

... 

jy»         ...        ...        ••• 

... 

... 

R. 

... 

... 

... 

... 

... 

^ar.  sgrp^nHmts,  Schlot. 

... 

R.R. 

... 

R. 

R.R. 

... 

... 

... 

itc :  long  smooth  tube) 

R. 

... 

... 

R. 

R. 

R. 

... 

... 

mm,  Sby 

R. 

... 

R. 

... 

R. 

R. 

... 

Roem 

... 

... 

... 

... 

R. 

... 

... 

vj,  Leske         

C. 

C. 

R.C. 

R.C. 

R.C. 

R.C. 

... 

... 

vs.  Afi[.  ...         ...         ... 

iris.  Lam 

R. 

... 

... 

R. 

... 

R. 

... 

... 

... 

... 

R.R. 

R.C. 

... 

... 

•  •• 

... 

^gruSy  Lam 

... 

... 

... 

R. 

... 

... 

... 

?JM,  Desor         

... 

... 

R. 

... 

... 

... 

... 

... 

^hauius,  Ag 

... 

... 

... 

... 

... 

... 

R.R. 

R. 

Forbes ...        

... 

... 

... 

... 

... 

R. 

R. 

C. 

,  Lam.  ... 

R.R. 

R.R. 

... 

... 

... 

... 

... 

... 

ms,  Forbes       

... 

... 

... 

... 

... 

... 

... 

K. 

ms,  Sorig 

... 

•  *. 

... 

... 

... 

... 

... 

R. 

kytiSf  Leske      

R. 

... 

... 

... 

... 

... 

... 

... 

Vlant 

... 

... 

... 

... 

... 

C. 

C. 

... 

.Ag.      

M,  Forbes         

... 

... 

... 

R. 

R.R. 

R.R. 

... 

... 

... 

... 

R. 

R. 

... 

... 

... 

... 

«*.  Ag 

... 

... 

... 

R. 

R. 

R. 

R.C 

R.C. 

vM»m,  Leske 

R. 

R. 

R.R. 

R.C. 

... 

... 

... 

... 

utHum  var.  /atior,  Rowe 

... 

... 

... 

R.R. 

... 

... 

... 

... 

;or,  Rowe          

... 

... 

... 

R. 

R.C. 

C. 

... 

... 

udinarium,  Goldf. 

... 

... 

... 

•  •. 

C. 

R. 

... 

... 

Desm 

... 

... 

... 

... 

R.R. 

... 

is,  Forbes          

... 

... 

... 

... 

... 

R.R. 

R.R. 

... 

^m 

... 

... 

... 

R. 

... 

... 

... 

... 

orig 

C. 

C. 

R.R. 

C. 

c. 

C. 

C. 

C. 

a,  Mant.            

... 

... 

R. 

C. 

R.C. 

R.C. 

... 

... 

,  Forbes            

•  •• 

... 

... 

R.C. 

R. 

R. 

... 

... 

KOnig 

... 

... 

R. 

R.C. 

R.C. 

R.C. 

R.R. 

R. 

iosa,  d'Orb 

R.C. 

... 

... 

R.R. 

... 

... 

R. 

... 

Forbes 

... 

... 

... 

C. 

C. 

R.C. 

R. 

Desor     

C.        ... 

... 

... 

... 

... 

... 

... 

fci,  Ag 

R.R.    ... 

... 

... 

... 

... 

... 

... 

r,  Forbes           

R. 

... 

... 

R. 

R.R. 

... 

R.R. 

«,Ag 

R.       ... 

... 

... 

... 

... 

... 

... 

,  Mant 

R.       ... 

R. 

K.R. 

... 

... 

... 

... 

ire^  Klein          

K.       ... 

... 

R. 

... 

... 

... 

'j^r««,  Forbes 

... 

... 

... 

R. 

... 

... 

turn,  Sorig 

...    1   ... 

... 

... 

R.C. 

C. 

C 

R. 

5SOC.,  Vol.  XX,  Pari 

r  4, 

1908. 

] 

2a 

V 
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B.m. 

^.^. 

M.t, 

v.a't-^ 

Ofkimm  terr^la,  R  oem 

.** 

... 

... 

R.       ^  . 

#.. 

*.. 

cl 

... 

... 

...  1     *,i 

mniacrinus           

-.» 

... 

c. 

.♦. 

.... 

-.1 

... 

B&Hf^/tkrmuf  giiipikus^  MHIcr 

c 

G. 

c 

C. 

c. 

c 

C  , 

Piniaitimus  agaistzi,  v.  Hag « 

... 

... 

... 

... 

R 

c 

c  ■: 

Mtiopoiier parAimoni.  Forbes      ... 

c. 

... 

.-* 

..« 

... 

SL 

tt 

Mt ii^s itr  manieili,¥  \yihii% 

B.C. 

.** 

R. 

... 

... 

♦..     1 

%, 

M^iipasUr  uncaiui^  Forbes 

R. 

,*.. 

... 

... 

... 

T  +  »               ' 

-( 

Mitrasttr  hitnUri^  Forbes 

C, 

... 

... 

... 

tu 

...                ] 

t. 

Mitr^sur  rugfttHS.Yoth^s 

K,K. 

1 

..<, 

,-. 

...                . 

.. 

Ptntactras  phi  iUr/trus,  Fg  rbes 

... 

... 

... 

R. 

... 

*%*              • 

•* 

P^/a£er&st3£f^aim,  ¥0rh^         

#«* 

..* 

... 

A, 

... 

f.f              ^ 

H 

PtnfiKfn^s  hMlififfrms,  Forbes 

R. 

..* 

R. 

... 

,*. 

.n 

L'l 

Pent3€iro%  hoyfu  ForbcH 

>.. 

... 

ti- 

R. 

... 

... 

-i 

PtmtQg&nmUr  mtg^hphx^  S  laden 

... 

K.R. 

R.R. 

H^ 

R. 

k. 

L     1 

PyrnmUr  ang^xitUus^  Forbes       

c. 

R- 

... 

... 

... 

B.      ^1 

PhynchoncUa  lim&aia^  Scbloth,    , 

c. 

ac 

... 

-«* 

... 

m,      «. 

PAvHch^tte^/a  pUcaiiHs  5 by. 

R.C. 

R.C. 

R. 

... 

... 

H.      .-' 

PkytiAhimtiia  rff^/^nsts,  Eth, 

ILC 

R.C, 

R,R. 

R.C. 

R,C 

H.C   «J 

PAyncAoM^//a  ctttwrt\  d'Oth 

-"^ 

♦*» 

... 

..* 

... 

R.C  IJC. 

Afagas  fivmihs.  Shy. 

H.C. 

^p. 

... 

fc.» 

... 

...     ..* 

R.C. 

RX 

R.C 

c.  ' 

,*. 

-**            r*' 

TAef^emm  cL  vtrmicuhrf^  Schlolh, 

R. 

... 

-»- 

... 

w,* 

^^- 

Cranm  pannensis^  Defn  ... 

... 

... 

R, 

R.C. 

... 

.i. 

... 

Crijnm^gmh^rgrnus.R^U. 

R. 

B.R. 

K.El, 

R.R 

RC 

R,R. 

B. 

Crania  cs^mta  G.  B,  Sby, 

R.C, 

-p. 

... 

.*■, 

..^. 

... 

Ttrihr&tula  airma,  Sby.  „, 

R.C* 

... 

... 

... 

RC.    EC 

c 

Ttrehratuia  semig/^Acsa^  Sby 

Ttrehratulma  striata  ^  Wahlen 

... 

... 

... 

C. 

R.C    R.C 

c 

R.C. 

R.R. 

R.R. 

R.C 

K,H. 

R.R.'  R. 

Tfrtkratttiina  f&uti,  K  i  t  ch  i  n        

... 

R. 

R.R. 

... 

.... 

t, 

T^thraimlitta  graciiu  van  iata,  Eib. 

*+• 

... 

... 

.^- 

... 

RC      C 

Alngnta  lima,  Dcrr 

R.K. 

..*       R. 

R.R. 

,.. 

...       . 

Immtramus  cttfitri,  Sby,  ... 

C.   ,  c. 

C 

C 

R.       i 

InoefFamuf  s.p.       ... 

C. 

..       p+* 

Tt- 

ITT 

...       . 

/jioc^ramas  ^^.*     ...         „.         

-.♦ 

,<.               rr- 

..* 

IT. 

R.       . 

/nociramks  /amarch\  Park,         

*»» 

R.C.      ... 

R. 

c. 

R.C.    R 

JnpceramtiS  broit^iarti,  Sby. 

... 

... 

... 

... 

R.R.  K 

..* 

...    1    ... 

... 

..i 

... 

Plica/K/a  si£ti/iHa  Wo^idw. 

c. 

R*C 

tt.C. 

C. 

a 

a,c    li 

Phcaiuta  harrom  Peron 

,  R. 

... 

R. 

R.R, 

R. 

Ostr^a  vfucuiii  Hs ,  1  .am .  . , . 

C 

C. 

c. 

C. 

C 

C.      ti 

Ostffa  htfrahs^  N  i  1  as 

K.K. 

K.H,     ... 

R. 

p.. 

h. 

Oitrta  Aipfiapcf/ittm,  N 1 1  ss 

H,C 

... 

^.. 

C 

H.R.  li 

Osirga  stmipiatta^  Sby, 

Oitrea  norm^  n  jaxa,  d  'O  r  b.           

I    '*■ 

R.K       ... 

..- 

R. 

R.R.    1 

..- 

...       R. 

«.. 

... 

,.. 

Ostrga  w^gmutiJtifi  mi ,  d  'Orb 

... 

...     R.C. 

R. 

... 

K. 

Oitrea  acntirestris,  Nilss 

k. 

...    1   .*. 

>.. 

-k^ 

._. 

^imdyhis  spinasus,  S  by .  . . .         

SpOMdylus  /atttj,  S  by . 

K.    |k.RjR,H. 

K.R. 

C. 

C. 

C. 

c,  1  c. 

C. 

C 

R.C.    t 

Spondylus  i/itt£mpUanus,  d'Orb 

Lima  jprxj w «i*ti/isr ,  N  i  1  ss 

K.R. 

7 

R. 

... 

K. 

•  H.   Woods,    "  Mollusca  of  Chalk   Rock,"   Quart.  Jounu  Gtol    Soc. 
PI.  xxvlf.  Figs.  4,  15. 
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,  Woods      ... 

«.  Goldf.      ... 

WAT,  Woods 

AamL 

e-cosiatus^  Sby. 

f,  Dcfr. 

tumsis^  d*Orb. 

,  Woods      ... 

Sa)  cetruUscens^  Nilss 

M,  Sby.       ... 

heena^  Goldf. 

tont^  Mant. 


perspecHva^  Mant. 

tucronatay  Schlot. 
uadratuSy  Blainv. 
ranula/us,  Blainv. 
/a  5    VVh  I  leaves 
■ampins,  M^nt. 
JcJh^  Sharpe 


(,l/,\Ag,    ... 
'at/a/a^  Ag. 
tmiUariSf  Ag. 


A.f. 


R. 


R.C. 
R.C. 
R.R. 

R 


R.C. 


R.C. 
R.R. 


Af.  t. 


M,      M. 

c-tu    c.-t. 


R.C. 


H,p, 


T,g, 


R.  c. 


R.R. 
R. 
R. 
R 
R. 

R. 


R. 
R.R 

R. 
R. 
R. 
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AN     INDEX 


TO 


"THE    ZONES    OF    THE    WHITE    CHALK    OP    THI . 
ENGLISH    COAST." 

(MPROC.   GBOL.  ASSOC,   XVI   (6),  1900;   XVII    (x),  190X ;  XVIII  (x),     M9 
XVIII  (4).  1904;  XX  (4).  X908.) 

By    C    DAVIES    SHERBORN. 

IN  these  contributions  to  our  knowledge  of  the  White Cbsd 
many  observations  are  scattered  throughout  the  text,  whid 
it  seems  desirable  to  bring  together  by  means  of  an  index. 

The  history  of  a  fossil  species  will  be  best  understood  bj 
taking  the  references  backwards,  as  much  new  information  fifon^ 
each  area  has  been  collected  and  presented  in  part  V  for  the  first 
time. 

The  papers  are  referred  to  as  I  (Kent  and  Sussex);  t* 
(Dorset);  III  (Devon)  ;  IV  (Yorkshire);  and  V  (Isle  of  Wight) 


AckUnd  Wold,  IV,  343. 

Actinocamax^  IV,  270. 

granuiatus,  I,  297,  301,  334.  337, 

339»  343,  348,  366  ;  II,  13,  26,  35. 

49,  S7,  S8,  76;  IV,  2x8,  237.  239, 

251,261,296;  V,  284, 311, 339. 

(deformed),  IV,  251,  283. 

merceyi  (sec  A .  granultUus), 

pitnus,  II,  49  ;  IV,  202  ;  V,  217, 

238,  260. 

zone,  I,  317,  321 ;  II,  6, 

8,  33  ;  IV,  202  ;  V,  217,  238,  260, 
262,  263,  274,  275. 

quadratus,  I,  334.  343  ;  H,  "- 

13,  37,  35,  57,   58,   76;  IV,  225, 

239,  260  ;  V,  230,  284,  311,  339. 
zone  (name  of,)   I,  345  ; 

IV,  261. 

zone,  I,  290,  330,  333,  334. 

335,  337,  339;  ",  ",  26,  30,  34, 
36,41,  56,;  IV,  225,  231,  259;  V, 
224.  230,  246,  254-256,  258,  264, 
266-268,  271,  279,  281,  283,  284, 
310. 

toucasi^  II,  49- 

verus,  I,  299,  348,  366  ;  II,  49  ; 

IV,  251,  262,  296. 

westphalicus^  II,  49  ;  IV,  272- 

274. 

Afton  Down,  V,  234,  254  (pi.  xxi)  ; 
military  road  over,  234. 

Alum  Bay,  V,  232  (pis.  xiv-xvi). 

Alum  Bay  House  Pit,  V,  253. 

Ammonites,  IV,  252,    267,   288;  V, 

308,311,  315. 
catinus,  1,  366;    III,  34;    V, 

293- 


Ammonites  cunningUmi,  I,  366 ;  11,4^ 
58,75;  111,34.51;  V,293. 

Uptopkyllus,   I,   299,  301,  3> 

337.  341,  344,  347,  3^6  ;  II,  17,  ^ 
58,  75  ;  IV,  252,  256,  295. 

per  ampins,  I,  366  ;  II,  44;  !»' 

34,41,51;  V,  293.  297,  339- 

psiudo-gariUnt^  IV,  267  ags. 

—  wharramUnsis  (a   MS.  name 

IV,  288. 
Annis'  Knob,  III,  5,  8,  14,  16- 

(pls.  vii  and  xiii). 
Anomaeodon  angustus,  I,  367. 
Antedon,  III,  36,  38,  49. 

iundgreni,  I,  361. 

perforata,  I,  36 1, 

striata,  I,  362. 

Apes  Down,  V,  270. 
Apesdown  House,  V,  270. 
AphrocaiUstes,  II,    67,    71  ;   V 

336. 
Aporrhais,  V,  297,  300,  339. 

mantelli,  I,  366. 

sp.  I,  366. 

sp.  Ill,  38,  41,  50. 

Aptychus,  I,  299,  347  ;  II, 

268,  296  ;  V,  311. 

leptophyllus,  V,  31 1. 

portlocki,  V,  307,  311, 

rugosus^  II,  61,  75. 

Arched  Rock,  V,  225  (pi.  L" 
Argyll  Rock,  II,  32,  35. 
Arish  Mell,  II,  11,  13,  22, 

(pis.  vi,  vii  and  x)  ;  IV, 
Armstrong  (H.  E.),  photc 

326. 
Arratt's  Hill,  III,  12  (pb. 
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.46. 

urch,  Pit  N.  of,  V,  263. 

wn,  V,  263,  266. 

dixomi.  III,  41,  49. 

J,  V.  270,  271. 

rn,  V,  261.  266. 

)ld.  IV,  268. 

1.362;  II,  72;  III,  49; 
;  V,  3x8,  Spencer*s  mono- 
,319- 

airs,  I,  301. 
^mioUti,  I,  366. 
ruUsc£HS,  V,  321,  339. 
v/tf/a,  IV,  266,  295. 
rreiacta,  I.    361  ;  II.  72  ; 
;  V,  298,  322,  336. 
!,  II.  22  (pi.  X). 
^aUouies,  III,  51. 
icus,  I,  366. 
iw),  IV,  254.  296. 
wm,  II,  28. 
nt.  II.  5,  7.  8,  27,  32.  33; 

)lc,  I,  306,  310. 
^.  227. 

xrk,  II,  25-27  (pi.  x). 
ot,  IV,  205,  206. 
ot  Pit,  IV.  232,  233. 
Yorkshire,  IV,   195  ;  on 
ight.  V,  215. 
»ponge-bcd,"  I,  295,  301, 

ipurious),  1, 323, 329, 332. 

I.  293  ;  on  map  of  5  m. 
^  331. 

lumber,  IV,  202,  242. 
,  II,  3,  5,  7,  8,  14  (pis.  i, 

ad,  I.  321,  330  (pi.  ix); 

1,  IV,  217,  251  (pis.  XXXV, 

ine,"  I,  294,  302  (pi.  x)  ; 

>onge-bed,"  I,  294.  I 

[I,   15-20  (pis.  iv,  vi-viii,    ' 

III,  20  (pis.  ix,  xiii). 
,  III,  22,  23,  27,  28  (pi. 

;  ianceolata,  I,  343,  346  ; 

,76;  V,  311.314- 

w/tf,  I,  345.  346  ;  II,  28, 
:V,  260;  V,  314,  339. 
me,  II,  28,  36  39.41,59; 
48.253-256,  259,266-272, 
284,  313,  Tertiary  Sea- 
30. 

II,  49  :  IV,  239,  256. 

.   I.    321,    323,    329   (pl. 


Belmostoma  cinctus^  I,  367. 
Bembridge  Down,  V,  258. 
Bcmbridge  Fort,  V,  236. 
Bempton  Cliffs,  IV,  205  (pl.  xxv). 
Bcmpton  Grange  Pit,  IV,  232,  233. 
Berry  Cliff,  III,  10,  25-27  (pis.  x, 

xiii). 
Beryx,  I,  367. 
Bessingby,  IV,  236,  237,  266,  268, 

271. 
Beverley,  IV,  243,  262,  267,  268. 
Bicavea  bed,  V,  220,  238,  246,  257, 

260,  264,  205  (pis.  xxii,  xxiii). 
Bicavea  rulaformis^  V,  220,  235,  263, 

284,  300  (called  *'  Defrancia  "   in 

II  and  III). 

urnuhy  V,  302. 

Bindon  Hill  (Dorset),  II,  22,  28  (pl. 

x). 
Bindon  Hill  (Devon),  III  (pis.  iii, 

vii). 
Birlincr  Gap,  I,  321,  330  (pl.  ix). 
•'Black  band"  (in  /!.  ^/^if«j-zone), 

IV,  199-203  (pl.  xvii-xx). 
Black  marl  band  (I.  of  Wigiit),  V. 

219,  234,  238,  257,  260,  263,  264, 

268,  275,  281,  283  (pis.  xxii,  xxiii). 
Black   Rock,  II,  5,   11,   13,  23,  24, 

(pl.  X)  ;  IV,  261  ;  V  (pl.  X). 
Black  Rocks,  II,  22  (pl.  ix). 
BUckmore  (Dr.  H.  P.),  II,  62-66; 

IV,  250,  267  ;   V,  293,  297,  299, 

303,305,306,311-317. 
Blake  (J.  F.).  on  Yorkshire,  IV,  195. 
Boat  Knoll  (Pit  S.K.  of),  II,  39. 
BourgueiicrinuSy  I,  361  ;  II,  72  ;  III, 

34.  38.  49 ;  IV,  253,  256,  266, 293  ; 

V,  306, 338. 

aequalis  I,  344. 

(barrel),  I,  297,  304  (pl.  viii). 

(cor-ang.  head),  V,  302. 

(cor-test.  head),  V,  301. 

(dumb-bell   form),  I,    344  (pl. 

viii). 
eliipticus    (=  Bourgueticrinus 

supra),  V,  306,  311. 

mucronata-iovity  II,  62;  V,  318. 

nipple  head),  I,  297,  330  (pl. 

viii)  ;   II,  7,  II,  26,  30,  31,  56  ;   V, 

308. 
(^guadratuS'Zont,  I,  334,  344,  (pl. 

viii);   11,57;  V,  311. 

(stumpy  head),  I,  304  (pl.  viii). 

{phnus  head),  V,  299. 

Bowcombe  Down,  V  276. 
Bowcombe  Barn  Farm,  V,  277,  282. 
Brading,  Pits  near,  V,  268  (pit  37, 

pl.  xxii). 
Brading  Down,  V,  260. 
Rrading  Station,  V.  268. 
Branscoiube,  III,  24-27. 
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Branscombe  West  Cliff,  III,  24-37 

(pis.  X,  xiii). 
Brcil  Head,  lY,  ai2,  aiy,  247-249, 

274  rpls.  xxix,  xxxviii). 
Briary  Pit,  V,  253. 
Bridlington,  IV,  197,  260,  261,  287 

(pi.  xxxviii). 
Brighstone  Down,  V,  274. 
Brighton,  I,  336,  339.  34i,  34^  (pi. 

ix)  ;  II,  62  ;  IV,  255,  273. 
Brixton.     See  Brighstone. 
Broadstairs,  I,  301. 
Brydone   (R.   M.),   II,   64-66;     on 

mucrwata  bryozoa,  V,  322. 
Bryozoa,  not   listed  unless  of  zonal 

value,  V,  328. 
Bryozoa  in  pianus-uont^  III,  44 ;  in 

cor-Us/.-zonCy  I,  329  ;  III,  45  ;  in 

A/arsupiUS'Zonc^  IV,  258  ;  in  guad' 

ra/iw-zonc,  I,  337,342. 
Bryozoon  (rotifonn).    See  Bicavea. 
Buckle  Inn,  1,335- 
Buckman    (S.   S.),  his  zonal  work, 

V,  325. 

Buckton  Cliffs,  IV,  198,  203. 
Buckton    Hall,    IV,    205,    206   (pi. 

xxxix). 
Buckton  Hall  Pits,  IV,  231,  233,  235. 
Buddlehole  Spring,  V,  274. 
Burdale,  IV,  241,  251,  253,  268. 
Burton  Pit,  II,  38. 
Burton  Agnes  Pit,  IV,  237,  271. 
Cable  at  Culver,  V,  236. 
Cable  at  Dover,  I,  306,  310. 
Cahptychium  agai  icoidts^  IV,  292. 
Ccelos'milia  laxa^  I,  344,  361  ;    II,  $8, 

72  ;  IV,  269,  296  ;    V,  313,  321, 
336. 

Calbourne,  V,  271. 
Calbourne  Bottom,  V,  271. 
Calbourne  Reservoir,  V,  279. 
Calf  Rock.  II,  14  (pi.  ix). 
Callidtrma  iatum^  II,  63,  72  ;  should 

be  Pycnaster  artfustatus^  V,  319. 
Cadopegma  odconicum,  IV,  292. 
Catfurospongm,  III,  43  ;   V,  295. 

aperta  I,  361  ;  V,  336. 

capttata,  I,  361. 

subrotunda^  I,  36 1. 

Canterbury  Hole,  I,  307. 

CardiasUr,  II,  44. 

ananchytis,  I,  313,  363  ;    II,  61, 

73  ;    IV,  252,   256,  262,    294  ;  V, 
316,  337. 

cotteauanus.   III,    43,    45,   49  ; 

IV,  211,  248,  294;  V,  3CI. 
cretaceus,  III,    33,    38,  40,  50; 

V,  294, 337. 

pilula,  I.  30i,333i337,  338,  342, 

363;  II,  12,  13,  26,  27,30,  35,  55, 
56,  59,  61,  73  ;   IV,  226,  265,  294  ; 


V,  231,    283,    310,   (in  nmav^ 
chalk)  311,  316,  337. 

"  Cardiasttr  pilula^'  (Barrois), 
276,  218. 

zone,  I,  345  ;  H,  58. 

pygnurus,    I,     318.    324; 

32,  33,  50  ;  V,  294,  337. 

sp.,  11,73. 

Carisbrooke,  V,  269,  280,  282. 

Carisbrooke  Reservoir,  V,  270. 

Carnaby,  IV,  237,  265. 

Carter  (C.  S.),  on  marling  in 
colnshire,  V,  250. 

Carter  Close  Lane  Pit,  IV,  235^ 

Carter  Lane,  IV,  212. 

Car yophy Ilia  cyiinaracta^  I,  299,       ^ 
II,  55,  72  ;  V,  307,  309,  336. 

"  Castrum  "  at  Seaford,  I,  332-^  -= 

Cat  Nab,  IV,  206. 

Ctpkalitts,  V,  295. 

btnettiiB,  1, 360  ;  III,  49 ;  \^, 

cateniftr^  I,  361. 

—  bngitudinalis^  I,  360. 

Cerithium  saundersi^  I,  366. 

Chalk,  Salts  in  the,  V,  214. 

Chalk  Rock,  I,  306,  310,  312,  3- 
II,  7,  8, 15,  20-23,  33,  46,47  ;  ' 
8,43;  IV,  2io(8ecalso/Vflc.Cr* 
Assoc,  xvii  (4\  1901,  p.  190)  ; 
219,  241  (see  bpurious  Cl»* 
Rock)  ;  in  Isle  of  Wight,  331. 

Channel.Tunnel  zigzag,  I,  316.     ^ 

Chapel  Rock,  III,  4  (pis.  i,  ii,xii.' 

*'Cha!leses."  I,  322. 

Charton  Cliffs,  III,  10. 

Chatterthrow,  IV,  203,  206, 
xxxviii). 

Cheverton  Down,  V,  277. 

Chillerton  Down,  V,  273. 

(^hlontic  Marl,  II,  6,  33. 

Cidaris  ciavigera,  I,  304,  326, 
362  ;  II,  45,  46,  72  ;  III,  3S 
49;  IV,  293;  V,  294,  296. 
305,  317,  337. 

hirudo,  I,  304,  319,  324,  3^ 

44,45,62.  72;  111,27,34, 
49  ;  IV,  242,  248,  252,  25 
293;  V,  294,  296,  301,305,: 

perornata^  I,    304,  362; 

72;  111,43,49;  IV,  252: 
301,  304,  337- 
pUracantha,  II,  62,  73 

317,  337. 
sceptriferay  I,  304,  36 

48,72;  111.45,49;  IV 

266,  293  ;  V,  301,  304 
serrata,    II,    62,    73 

(with  triple  denticles)  3 
serrifera^  I,  309,  31 

362  :    II,  44-46,  73  ; 

49  ;  V,  294,  296,  301, 
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ZtiUtKis  loriputu  III,  35. 

sMhunaUosa,    II,   62,  73  ;    IV, 

252.  256.  266,  293  ;   V,  296,  305, 
317-  337. 

n-  sp.  {mucronaia-zont)^  II,  62, 
73;V,3i7. 
t»JiM/ftc%,  Uwesi^nsis,  I,  367. 
Cjmpcdcs.  II,  66. 
CUtterford,  V,  282. 
^left  near  Beer  Head,  III,   19  (pi. 

^^^^  (Great)  at  Pinhay,  III,  8  (pU. 
CllL'5*"*^- 
26  (Scwerby),  IV,  252,  262, 

^**»^n,6i;  V,323. 
■^«^^/«f/«,  I,  359;  II.  71  :    IV, 

Chzr »  ^'  33^- 

JvSJl^f ooks,  IV,  206  (pi.  xxxviii). 
^j>«m'8  (General)  Collection,  I, 
'3'^:    111,35;  IV,  250. 


Cock 
Codd 
Coflli 


nr^^t.  Head.  II.  24,  27  (pi.  vi). 
J^*'<^hain  (Suffolk),  IV,  267. 


Si. 


^°  I^it,  II,  38. 

^'^on  Hole,  IV,  217  (pi.  xxxviii). 
r^P^on  Bay,  V,  216  (pi.  viii). 
??PU>n  Chine,  V,  23^,257. 
gjyto,!  Down,  V;  257: 

V^*?«^*8  Hole,  III,  12,  14,  16  (pis. 

"^J^i^ions  in  Chalk,  IV,  206,  232, 
(APJsi.  xxiv,  xxxviii). 
C^be  Pit,  II.  38. 
J2^«ssNook,  IV,  212. 
'•^'^  «^ir,  I.  367. 

/Aicatus,  I,  367  ;  II,  76  ;  III, 

'c^^^^^<iontus,  I.  367. 

^fP^^Pora  mfuttdthuliformis,  I,  360  ; 
Com;^^''^V''92;  V,336. 
"^yrx  Barn  Une,  III,  27,  28. 
^!^  Hole,  II,  5,  28.30  (pi.  X). 
J^;j  Comer,  11,31  (pl.x). 

cJ!i,     ^P'l-  321  (pi.  ix). 
^"^^le  Head,  IV,  212,217  (pls.xxix, 
*«  viii), 

'iV*  '^'^^^rgeniis.  III,  40,  45,  $0  ; 
y^^  242,  245.  253,  257,  268,  294  ; 

»  302,  309,  312,  320,  338. 

-y   "JT^  var.  costata,  I,    345  ;    II, 

_!!•  ^5, 74 ;  V,  319. 338. 

34^^^  var.  striata,  I,  314,  326, 
^5-363;  11,57,74. 

V  \^»*^«»>.  I.  363  ;  IV,  253  ; 
^'^^'ii^'  309.  338. 

7t  .  VV^  yf//<7«i,  I,  317,  360 ;  II. 
^>**»-;v/^I,  41,  49  ;  V,  295,  298,  336. 

If  **f«  {quadratus  form),  I,  341  ; 
•  56  ;  IV,  269;  V,  313. 


Crick  (G.  C.)  on  Act,  granulatus  (de- 
formed), IV,  283. 

on  Belemnites,  IV,  270. 

Crioceras  sp..  Ill,  51. 

CrofU*  Collection,  IV,  245. 

Cromer,  V.  323. 

Crowe's  Shoot,  IV,  203,  208,  242- 
244. 

Crowlink,  I,  330  (pi.  ix). 

Cuckmere,  I,  321,  329,  332,  33$  (pL 
ix). 

Culver,  The,  V,  235,  237  (pis.  xvii- 

XX). 

Culver  Down,  V,  236. 
Culver  nodule  beds,  V,  229. 
Cyphosoma,  IV,  245. 

corollare,  I,  304,  362  ;  II,  73  ; 

IV,   24s,  252,  266,  293  ;  V,  305, 

317.  337. 

koenigi,    I,   304,    328,    362  ;    II, 

54»  73  ;  V,  305,  310,  317,  337. 

radiatum,  I,  311.  313,  325,  326, 

362;  II,  45,  46,  73;  III,  34,  38, 
40,  49;  IV,  241,  245,  293;  V, 
294,  296,  298,  301,  305,  337. 

spatuHferum^   1,  304,  362  ;    V, 

299,  30s,  337- 

Danes*  Dike,  IV,  206,  271,  287  (pi. 
xxxv). 

Darby's  Hole,  I,  323. 

'' Defrancia;'  II,  23,46;  III,  19  ; 
see  Bkavea. 

Dtntalium  turonense,  I,  366. 

Devon,  III. 

IHastopora  ocfant\  II,  45. 

Dihlasus,  III,  39.  49- 

gravensis,  V,  307. 

Dibley  (G.  E.),  Collection  of  Belem- 
nites, IV,  274. 

Dike's  End,  IV  (pis.  xxxv,  xxxviii). 

DUcoidea  dixoni,  I,  3 1 7,  318,  324,  325 
363  ;  II,  44,  45,  73  ;  I",  32,  40 

49;  V,  293, 296, 299, 337. 

Donkey  Linhay  Rocks,  III,  27. 

Dorking:,  II,  62. 

Dorset  II,  2  ;  V,  314-316. 

Dorset  Pit,  II,  38. 

Dory  derma  ramosum,  I,  349,  359  ;  II, 
71 ;  V,  307,  336. 

Dover,  I,  305,  315  (pi.  x)  and  Proc, 
Gro/.  Assoc,  xvti  (4),  1901.  p.  190  ; 
11,44;  111,32-45;  IV  244. 

Dowlands,  III.  3,  10. 

Downend  Pit,  V.  264. 

Driffield,  IV,  260,  262,  267,  268. 

Drift  of  Shingle,  Sussex,  I,  348. 

Dumpton  Gap.  I,  301. 

Dun^y  Head,  II,  3,  5,  15  (pi.  ix). 

Durdle  Bay,  II,  5  (pi.  ix). 

Durdle  Cove,  II,  15  (pi.  ii)  ;  slide- 
planes,  15  (pi  iii  and  ix). 
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Durdle  Door,  II.  ;  (pi.  ix). 
Duxmore  Farm,  pit  S.K.  of,  V,  267. 
Eastbourne.  I.  321  (pi.  ix.). 
East  Ebb.  Ill,  12, 14,  15  (pis.  vi,  xiii). 
East  Leys  Pit,  IV,  235. 
Echinoderms   inBlled    with    flint    as 

evidence  of  age  of  flint,  V,  289. 
Echtnoconus  band,  I,  295  ;  V,  304. 

(shape  variations),  V.  309. 

alhoga/erus,  V,  304,  309,  337. 

castanea,  I.  318,  324,  363  ;   II, 

44, 73;  111,21,33.38,40.49;  V, 

294. 

conicu%,  I,  299,    303,   328,  331, 

337,  349,  362  ;  II,  48,  54,  61,  73  ; 
IV,  251;  V,  304,  309,  316,  337 
(this  *'  species  "  has,  in  the  Isle  of 
Wight  paper,  been  referred  to  its 
four  proper  forms  —  alkogaltruSy 
conicus,  globulus^  and  vulgaris^  c)«v.)* 

globulus   I,  299,    363;    V,  309, 

337. 
suhrotundus,    I,    318,    324,    325, 

363  ;  II.  44,  45.  73  ;  HI,  34,  4°, 

49  ;  V,  294,  295,  337. 

vulgaris,  V,  299,  304,  309,  337. 

Echmocorys  in  //!?«»j-zone,  I,  336. 

—  absent  in  7>r.  gracilis-zont,  IV, 
205,  210,  243. 

of  mucroHata-zone,  II,  61  ;    V, 

315. 
with  thin  test,  I,  308,  309,  329  ; 

IV,  251. 

vulgaris,  I,  362  ;    II,   73  ;   III. 

49:  IV,  239,  250,  255,  265,  293; 

V.  304,  310,  314.  337. 
var.   gibbus,   I,    301,    303, 

308,313,328.  333,  337.  338,  342; 

11,26.27,48,56,57,59;    "I,  42, 

44  ;  V,  301,  308. 

(depressed),  V,  310. 

(dome-shape)   I,  297,  303, 

338,  342  ;  V,  304,  308. 
(dwarf       pyramidal),      I, 

343. 

(ovate),  I.  303  ;  V,  304. 

(pointed  dome).  V,  310. 

(subgibbous),  I,  338. 

(subpyramidal),  V.  308. 

var.  p\ramidtitus,   I,    297, 

303,  330,  333,  337,  338.  349  ;   H, 

7,  26,  56.  57  ;  IV.  256. 
scutatus  (the   correct   name   for 

E.  xmlgaris). 

(young  forms  of),  V,  316. 

Elasmostoma  scitulum,  I,  361. 
Enckodus  leuesiensis^  I,  367. 
Enoploclytia  leachi,  I,  366. 
Enthorpe,  IV,  247. 
Epiaster  gihbus,  I,  303,  305,  363  ;  II, 

48,  62  ;  V,  304,  337. 


I.  v: 


III. 


II.  4' 


X. .*.■'  i.ixuvi  au.  ,'.■» 

■y..„4,:  V,;-r. 
Eschara  acts,   I,   309.    313 

V,  302,  306.  313,  322. 

danoi,  I,  345. 

galiata,  V,  322. 

lamarcki,  I,  309 ;  IV,  258  ;  V, 

322. 

stigmatopkoray  V.  322. 

Elton,  IV,  214,  247.  274- 
Exogyra  kaliotoidea,  I,  365. 
Fall  Hole,  IV,  212,  214  (pL  xaumii). 
Falling  Sands.  I,  321. 
Fan  Hole,  I,  310  (pLx). 
Farringford  House,  pit  S.  of,  V,  254. 
Ferriby  (S.),  IV,  202  (pi.  xx). 
Fimbcr,  IV,  251--253, 256,  273. 
Five  Barrows  (Shalcombe),  pit  S.E 

of,  V,  257. 
Five  Barrows  (Newbam  Down),  V, 

273. 
Flamborough,  IV. 
Flamborough  Sponges,  IV,  262-264. 
Flamborough  otation  pits,  IV,  236 

(pi.  xxxix). 
Flamborough  Station  Well,  IV,  236. 
Flint,  Age  and  Origin  of,  V,  289. 
Flintless  belt  in  Marsmpitn  zone,  V., 

245,  265. 
Flints  of  cuviiri'iaxi^  11*  41  ;  III, 

30  ;  IV,  228. 
oi  gracUu-ixxsM,  I,  315  ;  II.  41  ; 

III,  30 ;  IV,  228,  229  ;  V,  289. 
planus'iaixty  I,   310,    325:    II, 

41  ;  III,  30 ;  IV,  228, 229  ;  V,  241, 

289. 
rw-//j/.-zonc,  I,  306,  327  ;   II,  ^ 

41  ;  III,  31  ;  IV,  229  ;  V,  290. 
cor-ang.'zonc.  I,   305,   329;  I'-- 

41  ;  IV,  228.  229  ;  V,  290. 
marsupi/eS'Zone,  I,    295,    346 : 

II,  41  ;  IV,  230;  V,  291. 
guadra/us-zont,     1,     340 ;     IIZ 

41  ;  IV,  231  ;  V,  291. 

mucroua/a'zone,  V,  291. 

Flints  in  Yorkshire,  IV,  228,  230. 
Flower's  Barrow,  II,  30  (pis.  vii,  x  .^ 
Folkestone,  I,  317. 
Foraminifera,  I,  359. 
Ford's  Point,  I,  322,  325. 

Foreness,  I  (pi.  x).  

Fossils,  microzoa  not  listed,  V,  32U_-C- 
Fossils,  names  of,  V,  328. 
Fossils,  number  collected   for 

facts,  V,  324,  percentage  ncce 

for  zonal  purposes,  331. 
Fountain  Rock.  II,  4,  7,  9. 
France,  chalk  zones  of,  I,  293. 
Frenchman's  Fall,  I,  306,  307. 
Freshwater  Bay,  V,  222  (pis.  ix, 

old   road    at,    234    (pi.   ix. 
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niilitary  road    near,  234  (pis.  ix, 
Freshwater  Waterworks,  pit  at,  V, 

p"*"  ^y»  h  336.  337.  339  (pl.  «). 
Further  Point,  I,  332. 
Jjailowrs  Hole,  IV,  215. 
Garstons  Down,  V.  272. 
Oarstons  Farm,  V,  272. 

Gartcropods  in  Yorkshire  Chalk,  IV, 
2oo. 

Geimany,  chalk  zones  of,  I,  293;  IV, 

^262,  267. 

GiIls>IV,268. 

^fyp*ocypA^   radiatus,    I,  318  ;    II, 

Grit W^y*  33,  38,  41.  49  ;  V,  294. 

Oottenleaze,  V,  271.  279. 
Jjraeme's  Bam  Pit,  IV,  236. 
^^  Arch,  V,  228  (pis.  xii,  xiv). 

Gniveaend,IV,274. 
Grays,  I  v;  274 
Jjreat  Cleft,  III.  8  (pi.  ii). 
Gregory  ^j  vv.),  on  Zeughpleurus,  I, 
«353  ;   On  Bkavea^  V,  220,  337. 
^   marl  band  (I.  of  Wight).  V, 
27?'  A^^'  ^38.  241,  2S7,  263,  264, 
f:««v.    ^^  (pis.  xxii,  xxiii). 
Xa^CO,   II.  62.6s;  IV,  2So; 

Si!^*4onc  Wold,  IV,  268. 

Tii^^'  I.  317.  323 ;  II,  23,  43 ; 

Gross*  ^^'  32,  33  ;  V,  240. 

^r^SOuvre    on    Belemnites 


.^74. 


'Vre  on  Belemnites,  IV,  270, 


^*^»     111,41,   49;    IV,  292;    V, 

Gull     Tvr 
•^_5^ook,   IV,   206   (pis.   xxxviii, 

•*Th^f.'"^«"»  ^'  322,  323. 
^«^^>^^"'"  "'»  ^9  (pl.  viii). 
Ha^^'f'*.  IV,  264,  295. 

Har^'-o',  V,  275, 

Xx^'^^alc    Gutter,    IV,    223  (pis. 
Hav#k  ^»  xxxviii). 
^e^^    Cliff,  III,  II  (pis.  iii,  vii). 

XX^^^^r  minimus,  I.  317,  325,  363  ; 

1\>  -M,  45,  73  ;  III,  33,  40,  49  ; 
,^3o/  ^41,  294;  V.  293,  296,  298, 
Her^J  305.  337 

^^^^>  IV,  241. 
-^^f^^^^ras  rgussianum,  I,  366. 

^o^*^''"  /**'^^'^^»  I»  309  ;  V,  302, 


Httiropora  sp.,  V,  322, 
Heterostinia  obliqua^  I,  359  ;  II,  71 ; 

IV,  292  ;  V,  336. 

High  Down.  V,  226,  233,  253  (pL  ix). 

High  Stacks,  IV,  215,  217,  249,  250, 
252,  2S6,  271  (pis.  xxxiv,  xxxviii). 

High  Towthorpe,  IV,  288. 

High  Wood,  V,  271. 

Hill  (Wm.)  on  Yorkshire,  IV,  200. 

Hill  Ends,  IV,  228. 

Hipponyx,  I,  365. 

Hodges'  Flagstaff;  I  (pL  x). 

Hoglease  Copse,  pit  at,  V,  266. 

Holaster  placenta,  I,  309,  312,  325, 
328,  363  ;  II,  45,  46.  73  ;  III,  19, 
35,  40.  42,  45,  49 ;  IV,  248,  294  ; 

V,  296,  299,  301,  305,  337. 

planus,   I,   309,   311,  312,  314, 

325,326,363;  11,45.73;  111,35, 
40,  42,  49  :  IV,  208,  241,  243,  248, 
294  ;  V,  295,  337. 

(uncertain  occurrence  oQ, 

11.6. 

zone,  I,  292,  308,  310,  325, 

{Proc,  Geol.  Assoc.,  xvii  (4),  1901, 
p.  190)  ;  II,  6,  9,  14,  20-23,  33, 
40,  45  ;  111,  4,  5,  7,  9,  14,  16,  19, 

20-23,  28,  30,  41-44;  IV,  203, 

209,  229,  242  ;    V,  220,  227,  241, 

257,  260,  263,  264,  268,  274,  276, 

280,  284,  298. 

(base  oQ,  I,  311. 

(name  of),  I,  314. 

(wanting  at  Seaford 

Head),  I,  336. 

trfcensis,  I,  312. 

5uoglo6osuS'Zoi\t,   II,   6,  8,  33  ; 

IV,  199-201,  207  ;  V,  260-275. 
Holderness,  IV,  260. 
Holmes'  Gut,  IV,  208,  210,  243  (pl. 

xxxviii). 
Holworth  House,  II,  4. 
Holywell,  I,  321,  324  (pl.  ix). 
Hooken,  III,  10,  16,  20  (pis.  ix,  xii, 

xiii). 
Hooken  Beach,  III,  21. 
Hope  Gap,  I,  332. 
Hornsea  Well,  IV,  260. 
Humble  Point,  III.  11. 
Huntow  Pits,  IV,  235,  236. 
Idlecombe  Down,  V,  277,  278. 
Idmonea  cretacea,  V,  306. 
Infulaster  excentricus,  IV,  251. 
rostratus,  I,  363  ;  IV,  218-220, 

249,  256,  266,  294;  V,  292,  305, 

337. 

zone,  IV,  219,  248. 

Inoceramus  brongniarti,  I,  314,  365  ; 

11,45,46, 75 ;  1",  32,40,43, 50, 

IV,  241,  244,  295;  V,  296,  300, 
338. 
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Inoceramus     (cf.)    cuneifbrnUSy    IV, 

295. 
cuoUri,  I,  317,  318,  365  ;  II,  75  ; 

III,  40,  50;  IV,  208,  241,  295; 
V.  251  (value  in  the  field),  302, 
306,  338- 

involutus,  I,  304,  305,  331,  365  ; 

IV,  253. 

labiatus  (See  Ino,  mytiloidis). 

lamarcki^  III,  32,   38,  40,  50  ; 

IV,  241,  244,  295  ;  V,  296,  302, 
312,  338. 

lingua,  IV,  2l8,  258,  261.  295. 

(long  narrow)  IV,  269. 

zone,  IV,  225,  259. 

mytiloides,  I,  317,  318,  365  ;  II, 

44,  75  (all  as  labiatus)  ;  III,  32, 
37,  38,  40,  50  ;  IV,  241,  295  ;  V, 
293  (does  not  occur  higher  than 
R.C.),  296,  338. 

(cf.)  undulaia,  IV,  295. 

sp.  (Woods),  I,  314,  365;  II, 

46,  75  ;  III,  50 ,   IV,   244,   29s  ; 

V,  300,  338. 
spp. ;  75, 

—  sp  (jmucronata  form),V,  320, 338. 
Jackdaws'  Crag,  IV,  204  (pi.  xxi). 
Janiray  see  NeVhea. 
Johnson,  (W.),  V,  294. 
Joss'  Stairs,  I  (pi.  x). 
Jukes-Browne    (A.    J.),    on    I.    of 

Wight,  V,  216 
Kemps'  Stairs  I,  (pi.  x). 
Kent,  I,  294. 
Kern  marl-pit,  V,  261. 
Key  Hole,  IV  (pi.  xxxviii). 
Kindlescar.  IV,  217  (pi.  xxxviii). 
King  &  Queen  Rocks,  IV  (pi.  xxxiii, 

xxxviii). 
King  Rock,  II,  6. 
Kingena  lima,  I,  300,  363  ;  II,  64,  74  ; 

III,   36  ;  IV.    242.  244,  253,  257, 

268,    294;      V,     292,     306,    319 

338. 
Kingsdown,  I  (pi.  x). 
Kingsgate,  I,  295,  301  (pi.  x). 
Kings'  Hole,  III,  12. 
Kirkella,  IV,  214,  247,  274. 
Kirk  Hole,  IV,  (pi.  xxxviii). 
Kitchen,  The,  V,  227. 
Kitchin    (F.    L.)    on     TerebratuHna 

rowei,  I,  355  (pi.  viii). 
Kit  Pape's  Spot,  IV,  198  (pi.  xvii, 

xxxviii,  xxxix). 
Lambert  (Jules)  on  Cardiasttr^  III, 

32,33 
Lamna  aptendiculata,  I,  367  ;  II,  76  ; 

III,  SI ;  IV,  296;  V,  298,  301, 
323, 339. 

Lamplugh  on  Yorkshire  Chalk,  IV, 
197,  287. 


Lamplugh  on  Conditions  of  Accui 

lation  of  quadratus-UQU^y  IV,  t 
Lamplugh,    Coll.    of   Sponges, 

263.  287. 
Lamplugh,  Coll.  of  Micrasters  fi 

Bessingby,  IV,  266. 
Lang  (W.   D.)   on  Onchotrockus^ 

297. 
Langdon,  I,  305  (pi.  x). 
Langdon  Stairs,  I,  320. 


T, 


►  ^23. 


36S. 


Leather  Court  Point,  I,  302  (pl« 

Leiodon,  I,  367. 

Leptophragma  murckisoni^  I,  360  ^ 

67,  71  ;    IV,   292  ;    V,  307» 

336. 
Life  Hill,  IV,  268. 
Lirna  cretacea  (olim  mantelli)^  V^ 

539- 
decussata,  V,  296,  300,  309,      3  39- 

graftosa,  I,  365  ;  H,  65, 75  »     ^^' 

295-  . 

granulata  (olim  errore  gra^^^^^h 

V,  320,  321,  338. 

hoperi,  I,  300,  328,  364  *,  I^  * 

IV,  258,   295  ;  V.  297,  300, 
309,  339-  ^  ^ 

manUlli  (see  Z.  critacia)^  t « 

pectinatay  I,  365. 

wintoHtnsis  V,  300,  339. 

Limerstone  Down,  V,  274.  , 

Limine  of  Fields  ;  in  Isle  of  Wb^**^ 

V,  250  ;  in  Lincolnshire.  V,     ^S^-  , 
Lithology  of  rirwim-zone,    I,         ^^'%j 

II,  40 ;    III,   29 ;    IV,  22^    Z     ^' 
288. 

gracilis-zont,   I,    292;    Hr 

111,30;  IV,  229;  V,  288. 
planus-zone,    I,    292;    lit 

III,  30  ;  IV,  229  ;  V,  290. 
cor'/£sl. -zone^  I,    291;   1 1, 

III,  31  ;  IV,  229;  V,  290. 
cor-ang.'Zonty    I,    291  ;   Uf 

IV,  229  ;  V,  290. 
marsupiteS'Zonty  I,  291  ;  Hr 

IV,  230  ;  V,  290. 
quadratuS'Zon^y  I,  291  ;  II, 

IV,  231  ;  V,  291. 

mucronata-zonty  II,  41  ;  V,  ^^ 

Little  Beach,  III,  20. 

Little  Down,  V,  271,  279 

Littlecombe,  III,  27. 

Long  Close  Bottom  Pit,  II,  39. 

Long  Copse,  V,  273. 

Longlands  Farm,  Pit  S.  of,  V,  2^ 

Longlands  Pit,  IV,  235. 

Lukely  Brook,  V,  282. 

Lulworth  Cove,  II,  3,  21  (pi.  x). 

Lydden  Zigzag,  1,  316. 

Lynch  Plantation,  III  (pi.  xiii 

Lyiihams  Road  Pit.  IV,  234. 

Macropoma  manUlliy  I,  367. 
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*aspmmius,  II,  28,  3S,  63,  75  ;  V, 

52.  284,  314,  319,  338. 

'aen*s  Grave  Slack  Pit,  IV,  234. 

in  Bench,  V,  228. 

f>  o*   War  Cove,  II,  3,  5,  17,  24 

Pl-  ix). 

rcasitc,  IV,  219,  222,  230. 

'conigraph   Station,    Culver,    V, 

36  (pi.  xvii). 

•gate,  I,  295,  349  (pl.  x)  ;  IV,  250, 

>S,  258.  273. 

gate  Sewer,  I  (pl.  x). 

Ket  Weig:hton,  IV,  250. 

J:   IV.  227,  230. 

liTigof  fields  in  Isle  of  Wight  and 

'^colnshire,  V,  250. 

'^       (J.    £.),     on   mutations     and 

»^«s,  V,  326. 

"-•S^z/w,  I,  296,  331,  333,  334,  338, 

I.     361;     II,  41,  72;    IV,  218, 

^  »    293  ;  V,  308,  338. 

^."t  Rottingdean,  I,  347. 

5^"t  Shoreham.  I,  346. 

^*i  Devon,  III,  3. 
^one,  I,  291,  294,  301,  302,  331, 
=>    ;  II,  6,  10,  14,  25,  30,  34,  41, 

?     IV,  222,  223,  254  ;    V,  223, 
a»  244,  284,  308. 

J (name  oQ,  I,  300  ;  V,  308. 

-*»is'  Rock,  III,  23  (pl.  xiii) 

^"•^rements  of  zones  :  Kent,  1, 320; 

^^«cx,    I,  350 ;    Dorset,  II,  42  ; 

-^on.   Ill,   46  ;   Yorkshire,  IV, 

S    ;  I.  of  Wight,  V,  284. 

^^^r  Down.  V.  262. 

^»*8  zones,  III,  47. 

^^^nim    Rock,  II,  23  ;    III,  29 ; 

*      217,  240,  293. 

^^rtUes    (no   zonal    value),    IV, 

;^.  ^' 

-^^n  Bottoms,  IV,  202. 

^Icy  Down,  V,  262,  266. 

^^^astir  cornu/us,  III,  38,  39. 

^     mantelli,  V,  338. 

^     parkinsoni,  I,  362  :  V.  338. 

^     unca/us,  I,  362  ;  V,  338. 

^^on,  II,  62,  64. 

r^-Eymar  on  Belemnites,  IV,  270. 

^eldever,  IV,  273. 

^^aSacia  coronufa^  V.  298,  336. 

r"«/fr,  II,  46,  47,  48  ;  III,  35,  44  ; 

>^,  238, 245,  266  ;  (see  also  Quart. 

'^ourn.  Geol.  Soc.^  Iv,  1899,  pp.  494- 
^4,  pis.  xxxv.-xxxix). 

^  in  c^-/«/.-zone,  I,  308. 
'    -in  mucrofta/a-zone^  V,  317. 
■^^  in  guof/ratus-zonc^  V,  311. 
— ^with  the  thin  test,  I,  309. 
^•^  cor.anguinum,  I,  338,  363;  II, 
3,  62,  73  ;    IV,  219,  250,   293  ; 
•^,304,309,311,337. 


MicrasUr  cor-anguinum^  var.  latiar^  I, 
303,  363  ;  II,  54  73  ;  V,  304,  337, 

var.  rostratus^  I,  300  ;  II, 

54  ;  V,  309. 

Ubular,  I,  307,  323,  329. 

zone,  I.  291,  301,  329  ;  II, 

6,  10,  17,  20,  24,  29,  34, 40.48,  52  ; 
III,  6  ;  IV,  216-221,  229,  249  ;  V, 
222.  228,  243.  258,  261,  264,  266, 
.  276,  278,  284,  304. 

(name  oQ,  I»  305* 

cor-bovis,  I,  311,  313,  316,  325, 

326,363;  11.44,73;  III,  15,38, 
39.42,49;  IV,  245;  V,  296,298, 

337. 

corttstutiinarium^    I,    303,    328, 

363  ;  II,  73  ;  III,  42,  44,  49  ;  V, 
301,  304.  337. 

tabular,  I,  307,  328,  332. 

zone,  I,  291, 306,  327,  335  ; 

II,  6,  9.  14,  17.  20,  21,  23,  24,  29, 
34,  40,  41  ;  III,  7.  17-20,  31,  44, 
45  ;  IV,  205,  209,  2 1 1-2 15,  229, 
246  ;  V,  226,  242,  262,  282,  284. 

decipiitis^  V,  299. 

Uskei,  I,  311,  313,  326,  363  ;  II, 

73;  111,39,40,42,49;  IV,  245; 

V,  298, 337. 

zone,  I,  312. 

/r<rf«rx(>r  (Group),  I,  303,  363  ; 

II,  45, 73 ;  III,  42, 44, 49  ;  IV,  213, 
245,  247,  294 ;  V,  298,  301,  304,  337 

Microzoa  not  listed,  V,  328 

Middle  Bottom,  II,  4,  7,8,  9,  il,  12, 
37  (pis.  i,  ix). 

Military  road  over  Afton  Down,  V, 

234. 
Mitchells'  Rock,  III,  23,  24  (pl.  xiii). 
Mitrasttr  hunteri,  V,  338. 

parkinsoni,  I,  362  ;  V,  338. 

rugatus.V,  338. 

uncatus,  I,  362  ;  V,  338. 

Monastery  Pit,  II,  29,  39  (pl.  x). 

Mora  Cottage,  V,  269. 

Mortimer's  Museum,   IV,  198,  245, 

247,  250.  253,  262,  264,  265,  267, 

268,  288. 
Morton  Manor,  pit  N.  of,  V,  260. 
Mosasaur,  IV,  296. 
Mottistone  Down,  V,  275. 
Mount  Joy,  V,  280. 
Multilea,  I,   331. 
Mupe  Bay,  II,  5,  18,  22  (pl.  x). 
Nanny  Goat's  House,  IV,  200,  204, 

240  (pl.  xxi). 
Natica  vulgaris^  I,  365. 
Nautilus,  IV,  267,  295  ;  V,  293. 

atlas.  III,  4,  50  ;  V,  207,  339- 

suhlcntigatu^,  I.  366,  III,  350. 

Needles,  The,  V,  228,  232  (pis.  xiii, 

xiv). 


\\   iNi'!  \    lo    nir   /t)M>  oi- 


edics  Hotel  Pit.  V,  233. 
ithea  duUmpU:^  I.  364. 

—  quaJruvstata,  I,  364, 

—  'fUtni/urios/a/a,  I,  364  ;    II,  65, 
75;  III,  40.  50;  V,  339- 

Newbarn  Dt^wn,  V,  272. 
Newbarn    (N.  of  Afton   Down),  V, 

256. 
Newbarn  Farm  (Calbourne),  V,  271, 

279- 
Newcombe,   IV,   21 1,   213,  248,   274 

(pi.  xxxviii). 
Newcombe  Saddle,  IV,  212. 
New  Ditch   Point,  V,  217,  227  (pi. 

xy 

Newhaven,  I.  335,  336.  339  (pi.  ix). 
Newlands  Farm,  II,  5  (pi.  ix). 
Ncxlcwell.  V,  253. 
Nodular    bands   at    the   Culver,    V, 

2;(>,  239.  245,  246 ;  not  at  Downend, 

2b5  ;  not  at  Scratchell's,  229. 
Norfolk  Caist,  V,  324,  334. 
North  Dale  Pit,  IV,  235. 
North  Foreland,  I  (pi.  x). 
North   Sea    Landing,  IV,   208,   242, 

243.  245  (pis.  xxviii,  XXX,  xxxviiiV 
Norihfleei,  IV,  273,  274 
Norwich.    II,  60,  62-67  ;     III.   43  ; 

IV.  243.  261,  264  ;  V,  315,  316. 
Nostrils,  The,  V,  235,  236,  239,  242 

(pl.  XX). 

AW;./,j/ruf  mu-r&t^on^  I,  367  ;  III,  45  ; 

IV.  296. 
Nun  well  Down.  V.  26S. 
N unwell  Rookery,  Pit  S.  of,  V.  268 
Old  Door.  IV  (pl.  xxxviii). 
Old  Harry.  II,  38. 
Old  Nore  Point.  I.  337  (pl.  ix). 
Old  Roll  Up.  IV,  205. 
Oldpepper   Rock,   V^  217,   227   (pl. 

x). 
Onchotrochus  Sfrprntinus,  I,  304,  361  : 

II,  C>6  ;    III.  37,  49  ;    V,  295,  297, 
300,  307,  336. 

Of^ktr  aphid  ties  unaUxmanSy  I,  339. 
Ophiura,  I.  362  ;     II,  72  ;     iVl,  49  ; 

IV,  256,  2c)3  ;  V.  209,  33S. 
Oreaster     hulfiferus^     II,     63,      72  ; 

shouUl     be     PvcnasUr    anptstatus^ 

V,  319- 

ohtksus,  I,  362. 

ptsttlltferus.  II.  72. 

Osborne  View  Cottage  (Carisbrooke), 

V,  270. 
Ostrea  acHiiro^tris,  I,  365  ;    III,  36  ; 

V,  33S. 

alaefornm^  I,  300,  365  ;  II,  65. 

curviros/ns,  I,  365  ;  II,  75. 

Af'ppcpih/wm.    I,    ^65  ;     II.    75  ; 

III.  36,  50;  IV,  246,  295;  V,  306. 
33S. 


("■•.-..;  .;  ■•  ;..  .  I.  ;;;.  v'-;  ;  II.  ;- 
75  ;  III.  ;c  ;  V.  3:'  .  ;::.  ::-. 

var.  .f/r;.;.'.;,    1,  ;i-.     -    -   . 

V.  312. 

Hormanmiama.   I,  365  ;    II,   7^  ; 

..^    V.  306,  338. 
pr^A^Lidta,  IV,  203,  242,  243, 

stmipkma^  I.  3^5  ;  II,  75  ; 
III,  SO    V  3*^6,338. 

vtsicukrit^  365  ;  II,  65,  75  ; 
III,  34.  36,  38.  50 ;  IV,  242,  246. 

255*  3^2.  39;  ;  V,  306.  309,  338. 
Wfgmmnm.iins.  I,  345,  365  ;    II, 

75  ;    IV,  253,  255,  258,  262,  295  ; 

V,  300.  306,  309.  338. 
Qvin^deati,  I,  340. 
OxvrAma  tfttiHtflii^  I,   367  \    H,   7^  ; 

III,  51;    IV,  296;    V,  298,  3»3. 
339. 

Pachinion  scriplum,  I,  359  ;  V,  307. 
Painsthorpe  Wold  Pit,  IV,  209. 
Pan  Down.  V,  281. 
Paramoudras,  II,  37  ;    IV,  203,  209 

(pL  xxx). 
ParasntifMr  IV   253. 
cemiralis,  I,   299,  304,  361  ;  II. 

72  ;    III,  39*  49  ;    IV,   253,  25*. 

293 ;   V,  295,  297,  300,  302,  307, 
313,  322.  336. 
\^T,grav*sana^  I,  304,  361 ; 

V,  307. 

cvlimirica,  1, 361  ;  IV,  258,  293  ; 

V,  307, 313. 

yJrV/Mi,  I,  361  ;  II,  S8,  72  ;  lil. 

49  ;  IV,  258,  293  ;  V,  307,  313. 

firanulata.    I,    299.    304,    361; 

IV,  253,  295  ;    V,  302,  307,  356. 

tnantellu  I,  304,  36 1  ;  V,  307. 

monihSy  III,  37. 

sp.,  II,  72. 

Parson  s  Barn,     I.  32. 
Pav^htnuHitt^  \,  329  ;  V,  302. 
P.iLy  Doun.  V,    72,  276. 
Pec  ten    camt^amensis^    V,    320,     s2l, 

339- 

£vtiC4rmIricms^  XI  ^  65. 

cretosus,  I,  364  :  II,  65,  75  ;  III. 

50;  IV,  295  :  V.  306.  321,  339. 

mantellianus^  V,  306,  321. 

pexatusy  III,  22,  40,  50  ;  V,  296^ 

300.  3  3' I. 
—  prnkkellm  {campaniensis  est),  11^ 

qmi$aiie€&sMlmS^  V,  339. 
Pegwell,  1,  295,  302   (pl.  x) ;    IV 

250. 
Pentacfros  hovsty  V,  338. 

hulhiferus,  V.  338. 

hulhtus,  V,  338. 

pistilbjerus,  II,  73  ;  V,  338. 


^« 


THK  wairm  csajul  of  thk  engush  coast. 


349 


V 


I-  513-  JI7-  32$»  3i6 : 
_L4$-  46  ;  UL  M  58. 40r  +5»49  ; 
■.243.  J93:  V,338- 
Mgmaixi,   II,  63.   71:   V,   2^^ 
199.  33«. 
11,63. 

.  .^jjafi^^iB,  V,  338. 
'•^rnraii,"  I.  34S. 

1  Hole,  IV,  212  Cpt  xxxTxii). 
-'^^rarg^^mgjim  sirmJkami,  I,  329.  331, 
^61 ;  II,  71  ;  V.  307.  336. 
^kJlips"  dirisioos  of  Chalk.  I,  293. 
^U^cimJi*  rmmetms,  1,  360. 
hay,    III,    3.   4f    17  (pl*.  it   >>t 

inoades, '  III,  21  (pL  x). 

difficulty    oC    xoning    greatly 
^^erated,  IV,  231 ;  V,  331. 
V%  Farm,  Calboome,  V,  271. 

IX    cretmceum,    I,   361 ;     V, 
7,  336. 
_     ^  day,  thickness  of,  in   I.  of 
^"^¥ight,  V.  332 
-    trtUnmaria,  IV,  268  .  V,  300. 

'^s^eciwa,  I,  314.  365  ;  II,  46, 
PS  ;  HI,  8.  43,  50  ;  V,  297,  303, 
539. 

sp.,IV,  295. 

e-MW«  6arrmsu  I,   3^0,   314.  3*9, 
^36s;   11.46,47.  75;  HI.  36,  40. 
»3,  50  ;  V,  302,  321,  338. 

•  «/i/ftiw,  1, 365;  11,75;  in, 

50;  IV.  295;  V.  338- 
-MtiouUa,  V,  307. 

-  compactm,  1, 360  ;  II,  71  ;  V,  336. 

-  nodosMy  I,  360. 
--^     -  squamosa,  I,  360  ;  V,  336. 
J^^Kypha^  I,  317. 

comw/m/a,l,  361  ;   II,  71  ;   III, 

-49 ;  IV,  293  ;  V.  336. 
'/nustrala,  V,  336. 
.  ^      -  /airosa,  I,  361  ;  V,  336. 
=^  ^ickham,  IV,  253,  268. 
^^^doseris.  III,  37  ;  V,  298. 
'^=^llidpes  fdUax,    II,    66,    76 ;     V, 

322. 
_       -glabtr,  I,  366  ;  V,  300,  337. 

"^^lyikutuiimm  racemosum^  I,  360  ;  V, 
=^  307. 
-^rtnajihgrana^  II,  65  ;  V,  322. 

^^ockmia  simplex^  I,  360 ;  IV,  292  ; 
=^  V,307. 
^e»rosphatra  (See  Hinde,  Quart, 
Journ.  Microsc,  Soc.^  1904,  pp.  i- 
25,  for  figures  and  nomenclature), 
I,  299,  304  ;  II.  58 ;  IV,  254,  258, 
267,  269,  293. 

"^ arrtcta,  IV,  293  ;  V,  307,  336. 

"^ gtobularis,  I,  299.  304,  338.  344, 

361;    11,71;    111,49;    IV,  293; 
V,  307,  3iOf  313,  323.  336. 


Par^pkiierA    umci/bnmss   (olim    W0^ 
WMrJi  crroreX   IV,  293  ;    V.  307, 

313.  323.  33^. 

pmtaUxhrmis.  IV.  293  :    V.  336. 

'/4ii*«j.  1, 304,  344,  361  ;  11.67, 

72 ;  III,  49 ;  IV,  293 ;  V,  3or, 
313. 323*  336. 

WMdm^rdi,   I,  304,  344,  361  ; 

II,  5S,  67,  7i. 

(cushion  shape)  II,  67  ;  V,  323, 

/VM«y,  I,  367. 

Portobello,  I,  33^  (pL  vl\ 

Pot  Stones.  II,  37. 

Pound's  Pool,  III.  19. 

Preston's  Bower,  V,  227. 

Prior  (G.  T.)*  Report  oo  Siliceous 

Nodules,  V,  289. 
Protospkyrarma  ftrpx^  I,  367. 
PUri^  (^Aviadji)  ccrrnUscems^  V,32I, 

339. 
FtrcJktdMs,  IV,  296. 
tmamtmxlaris,  I,  367;    III.   $I  ; 

V,  295.  301,  339- 

foiygrrns,  I,  367. 

Pug  l>i^  II,  38. 

Purbeck  Fault,  II,  7,  32  (pi.  viii). 
PycmasUr  angustatus,  V.  319,  338. 
Pvr^mM   crrtactj,    II,    66,    76;    V 

'322. 
RadidiUs  mortom^  I,  3 1 9,  365  ;  III, 

36  ;  V,  297,  339- 
RagadtHia  sulcata^  I,  359. 
Raisthorpe,  IV,  268. 
Ramsgate,  I,  302  (pi.  x). 
Redcliff,  I  (pi.  X). 
Red  colour  of  fossils  in  ^uadrmtMS" 

zone,  II,   27  ;  in   mucronaUi'iOTit 

V,  253,  254. 
Red  Hole,  II  (pi.  v). 
Reighton,  pits  at,  IV,  233,  242. 
RetKuIopora  oblijua^  I,  309 ;  II,  46  ; 

V,  302. 
Rhyncholith,  III,  38,  50. 
Rkynchonella  cuvuri,  I,  31 7i  318,  325 

364;  II,  44,  45,  74;    III.  32.  37, 

38,  40,  43,  SO  ;   IV,  241,  244,  295  ; 

V,  293, 338. 

zone,  I,  292,  317,  321.  323  ; 

II,  6,  8,  19.22,  31,  33.  40;  III, 
8,  9-15,  18-23  (abnormal  at  Berry), 
25-29,  32-39;  IV,  199,  200-203, 
229,  240;  V,  217,  239.  257,  258, 
260,  262,  263,  268,  272-275,  277, 
280,  284. 

(name    of),   I,   319; 

V,  293. 

limbjta,  I,  310,  328,  345,354; 

11,57,63,74;   "1,45;    IV,  268, 

295;  V,  302, 312, 319.338. 

var.    UtUiformis^    II,    64  ; 

111,45:  V,  319. 
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RkynchontUa  plicatilis,  I,  300,  314, 
326,  333,  338,  345,  349,  3^4 ;  II, 
64,  74  :  in,  32,  36,  40.  43.  45, 
50  ;  IV,  245,  294 ;  V,  300,  302, 
309,  312,  320,  338. 

var  octoplUata,  I,  314,  345, 

364  ;  II,  75  :  V,  312,  320. 

reedensis,   I,  364  ;    II,  64,  74  ; 

III,  40,  43,  45.  50  ;  IV,  244,  252, 
255,  257,  262,  268,  295  ;  V,  309, 
320,  338, 

woodward t\  I,  364  ;  III,  32,  40. 

Riggs,  IV,  253. 

Ringwould.  IV,  250,  273. 

Rock,  V,  275. 

Roe's  Hall,  V,  227. 

Roedean.  I  (pi.  ix). 

Rottingdean,  I,  337,339,  349  (pl-  ix). 

Rousdcn,  III,  3,  10. 

Rowborough  Farm,  V,  277. 

Rowe  (A.  W.),  collection,  V,  324. 

Rowridge,  V,  278. 

Runton,  II,  67. 

Ruston  parva,  IV,  237,  265,  271. 

Ryde  Waterworks,  V,  263,  267. 

St.  Lucas'  Leap,  II,  32,  33. 

St.  Margaret's,  IV,  273. 

St  Margaret's  Bay,  I»  301,  302,  305 
(pl.  X). 

St.  Mildred's  Bay,  I,  295. 

St.   Oswald's   Bay.   II,  3.  5,   10,  19 


(pUx). 
ulenta 


Saltnia  geonutrica^  I,  300,  362  ;  II, 

55 ;  V,  317. 337. 

granulosa,  I,  318,  362  ;  II,  46, 

75  ;  III,  33,  38,  49  ;  IV,  241,  256, 

293  ;  V,  294,  296,  301,  317,  337. 
Salisbury,  I,  343,  349  ;  II,  60,62-66  ; 

IV,  250,  257,  267,  271. 
Saltdean,  I.  337  (pl.  ix). 
Saltmore  Copse,  pit  at,  V,  266. 
Salts    in     the    inland     Chalk,     V, 

2U. 
Sanwick,    IV,    206,    207   (pis.   xxvi, 

xxxviii). 
Scale  Nab,  IV,  205,  232  (pis.  xxiv, 

xxxviii.) 
Scalpellum  fossula,  I,  366  ;  II,  76  ;  V, 

322. 
maximum,  I,  366  ;  II,  76  ;  III 

51;    IV,   254,   296;  V,  298,   300 

322,  337. 
Scaphanorhynchus  suhulatus,    I,  367  ; 

111,36  45,51- 
Scaphites,  IV.  237,  264,  265,  295. 

binodosuSy  IV,  265,  29$. 

geinitti^  I,  366. 

inftatusy  IV,  265,  29$. 

sp.,  IV,  295. 

Scratchell's  Bay,  V,  227,   228,   233 

(pis.  xii-xiv). 


Scratchy  Bottom,  II,  16,  17  (p  3L  s-  iil, 

iv,  ix). 
Seaford  Head,  I,  332-335,  339»         34^ 
^  (pl.  ix). 

Seaton,  III,  11  (pl.  xiii). 
Sel wicks   Bay,   IV,   215  (pis.      :x.xi\^ 

xxxii,  xxxviii). 
Semicytts  rugosa^  V,  302,  306. 
Semuschara  arhorea^  V,  322 

woodsi^  V,  322. 

Septi/er  lintatus^  V,  312,  339. 

Sirpula  ampuUaaa^   I,  363  :  H«    ^. 

73  ;  III.  39,  50  ;  IV,  294  ;  V,  3<». 

303,  307,  337. 
avita,  11,44;  III»  34,  3^,    5<'; 

V,  294.337. 

canuriata^  V,  322,  337. 

cincta,  V,  300,  3^3.  337- 

difformis^  II,  66,  74. 

flucttiata,  I,   363;  II,  74  :    lH* 

50  ;  IV,  294 ;  V,  300,  303, 323.  337. 
gordtalis,  I,  363;    11,66,     73*, 

V,  303,  337. 
granulata,  I,  363  ;  II,  73  ;    ^^^' 

50 ;  IV,   294 ;    V,  295,  300,    303, 

337-  ^,. 
iiium,  I.  309,  313.  326,  344,  3"  3' 

II,  46.  47.  58.  66,  73  ;  III,  44 
50  ;  IV,  294 ;    V,  300.  303» 
313,337. 
macropus,  I,  363  ;    II,  73  ; 

50 ;  V,  303, 337. 

pifitanguliUa,  V,  300,  337-  -.q  • 

plana,  I,  66,  74,  363  ;  III-         =" ' 

IV,  294  ;  V,  300,  303,  337- 

planar  his  y  II,  74.  y 

pUxus,    I,    363;    II,    74^ 

303.  307,  313.  337. 

pustlla,  V,  322,  337. 

texangularis^  V,  323. 

turbinfUa,  I,  300,  33 1,  344,    — 

II,  55,  58,  66,  73  ;  IV,  248. 

294;  V,  307, 310, 313,322,3; 

sp,  11,74- 

sp.,  Ill,  50. 

sp.  (thin  smooth),  V,  300,     ^^ 

sp.  (6  or  7  angles),  V,  322,  J^^^ 

Seven  Sisters,  I,  329,  330,  339,  ^ 

347(pl.  ix).  ^^ 

Sewerby  Cliff,  IV,  260-262,  265-2  ^^ 

271,  287  (pis.  XXX vi.  xxxviii).  4^- 

Shag  Rock,  V.  239,  242  (pl.  xix).  ^^  ^ 
Shakespeare's  Cliff,  I,  305,  316  (P 

Geol.    Assoc,    xvii   (4),   1901,  "* 

190). 
Shalcombe,  V,  256,  257. 
Shalcombe  Down,  V,  256. 
Sheepwalk  Lane  Pit,  IV,  236.  ^^ 

Sherborn  (C.  D.),  on   Tertiary  Ses^^^  5 

bottom,  V,  330 ;  on  Barrob  Mar  ^^ 

331  ;  on  zonal  junctions,  331. 
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Sberingham.  II.  63,  67  ;  V,  323. 

Shidc  Quarry,  V.  281. 

Shoreham.  I,  346 

Shorwcll  Shutc,  V,  273. 

Siliceous  nodules.  V,  218.  234,  240, 

257,  261.  281.   283,  289  (pi.  xxii). 
S^konia  ioenigt  I.  359  ;  il,  71  ;  IV, 

292  ;  V.  307,  336. 
Sixpenny  Hill.  IV,  234,  2$o. 
Slcdmere,  IV.  2S3,  267,  268. 
South  Down  Common,  III.  2022. 
South  Ferriby.  IV,  240.  241. 
South  Foreland.  I,  307,  310. 
South  Sea  Landing.  IV,   217,  249- 

251.  271  (pis.  XXXV,  xxxviii). 
Speeton.  IV.  198,  241,  242,  245  (pi. 

xxxviii). 
Speeton  ClifTs.  IV,  204,  243  (pis.  xxi- 

xxiii). 
Speeton  Gate  Pits,  IV,  235. 
Speeton  Station  Pits  IV,  233,  235. 
Spencer    (W.  K ),  on    Asteroid  os- 
sicles, V.  319 
Spines  of  CarafiasUrj  IV,  262  ;  FcAi- 
nocorys^  I,  340  ;  HolasUr^  IV,  262  ; 
Micrasttr^  I,  340. 
•S^nopota  dixoni^  IV,  293  ;  V,  336. 
'S^^OHiiylus,  IV,  245. 

dut4m/>Uanus^    I,   364;   II,    65, 

7S;    III,   36,    40.    4S,    so;    IV, 

258,  295  ;  V,  295,  338. 
latus,  I.  364  ;  II.  75  ;  HI,  36, 

39,  40,  43,  SO ;  IV,  2S8,  29s  ;  V, 
338. 

var. aequicostatuiWY^  36, 50. 
royanus^  I,  364. 

spmosui,   I.   364  ;    II,   65,   7S  ; 

III,  40,  43,  45.  SO  ;  V,  306,  321, 

,^=2,      338. 

•^=*'l)onges,  II,  4S,  67;  IV,  220,  254, 
258,  262-264. 

Spurious  Chalk  Rock,"  V,  219,  234, 
238,  241,  257,  260,  263.  264,  268, 
^>^     275.  277,  281,  283  (pis.  xxii,  xxiii). 
^togRock,V,  225(pl.ix). 
;^^  tanden  Copse,  pit  at,  V,  266. 
^^tather  collection,  IV,  214,  226,  247, 

250,  265. 
"^^/r^/a  nuhua,  I,  359  ;  IV,  293. 
^^^UpAamophyliia   bower banki,   V,    297, 

336. 
'^ mickiHni,  I,  361  ;   II,  66,  72  ; 

V,  307, 322. 

^^^iicAcphrma  tumidum,  I,  359  ;  II,  71, 

^  V,  307. 

^tone  Pit  Lane  Pit,  IV,  233. 
^tone  Pit  Wood  Pit,  IV.  236. 
^tottle   Bank   Nook,  IV,   214,   215, 

217  (pi.  xxxviii). 
^trahan  (A.),  on  Dorset,  II,  2  ;  on 

Isle  of  Wight,  V,  214-216. 


Studland   Bay.  II,  32,    33,    36,   38  ; 

IV,  261  ;  V,  314,  316. 

Sun  Corner,  V,  228,  233  (pi  xii). 
Suture  partings,    IV,   22$,  228,  289 

(pi.  xxxvii). 
Swaintondown  Gate,  V,  278,  279. 
Swanage,  II,  33. 
Swyre  Head,  II.  10  (pis.  iii,  ix). 
Synhilia  sharpeana,  V.  307. 
Talpina,  II,  61  ;  V,  323,  336. 
TapncU  Down.  V,  257. 
Telegraph    cable  at   Dover,   I,  306, 

310. 
Telscombe,  I,  336  (pi.  ix). 
Tennyson's     Beacon,    V,    227,    233 

(pl  X). 
TerebrcUula  cartua^  I,  310,  313.  319, 

326,  364;    II,  46.64,74;  III.  34, 

43.  45.  SO  ;  IV,  244,  294  ;  V,  300, 

319.  320,  338. 
obesay  II,  64. 

pentangutata^  II,  64. 

semi'^lohosa^   I,    304.   309,    3 1 3, 

319.338,364:  11.64,  74:  III.  34, 
38,  43,  4S,  50  ;  IV,  208,  242,  244, 
252,  2S7,  268,  294  ;  V.  300,  320, 
338. 

var.  albensts^  I,  319  ;  III, 

38  ;  V,  295. 

Tertbratulma  gracilis,  I,  313,  316, 
364  ;  II,  44.  74  ;  III.  36,  39,  43, 
50;  IV,  208,  210,  241,  243,  294; 

V,  295  (2),  300.  338. 
zone,  1,  292,  315,  321,  323  ; 

11,6-8,19-22,31,33,40,44;  III, 
5,  7-13,  16,  20-23,  28-30,  39-41  ; 
IV,  200-203,  207,  229,  241  ;  V^ 
218,  240,  257,  260,  263,  264,  268, 
274.  277,  2«o,  282, 284. 
(name  oQ,  I.  319. 

rowei,  I,  298,  331,  349,  3SS,  363 

(pl.  viii)  ;  II,  7  26,  27,  30.  31,  55, 
56,  57,  74;  V,  308,  309,  312, 
338. 

striata,    I,    349,    363;    H,   74; 

III,  38,  SO  ;  IV,  253.  257,  268, 
294 ;  V,  309, 338. 

Teredo  amphubttna^   I,  365  ;  II,  75  ; 

III,  36.  40,  50  ;  V,  295.  339. 
Tertiary  Sea-bottom,  V,  330. 
Tkecideum  we  t  hen  Hi  ^  I,  304,  363  ;  II, 

74  ;  IV,  253.   257  ;    V,  306,   309, 

320,  338. 

vermicular e^  V,  320,  338. 

sp.,  IV,  294. 

Thixendale  Pit,  IV,  209,  268. 
Thornwick,  IV,  207,  241,  242  (pis. 

XXV,  xxvii,  xxxvii,  xxxviii). 
Tombstone,  III,  23,  24  (pl.  xiii). 
Toulminia^  I,  360. 
Trapezium  trapezoidale^  I,  365. 
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Treacher    (LI.),    on    Tertiary    Sea- 
bottom,  V,  332. 
TremaboWes  perforatus^  III,  36,  43, 

49. 
Trimingham,  II,  60-67  ;  V,  323. 
Trochus  schluiUriy  I,  365. 
Truncatuia  acuUata^  V,  306. 
Turboy  V,  300. 
gemtnatus,   I,  3IJ,  365  ;  II,  18, 

45.  46,  75  ;  ni.  8,  43.  5o. 
Tyneham  pits.  II,  35,  39. 
UintacrinuSy    I.    298    (figure),    330- 

334,  361 ;  II,  72  ;  IV,  221,  293  ; 

V,  308,  338. 

(arm-ossicles \  I,  298. 

at  Brighton,  I,  347. 

band,  I,  346  ;    II,  7.  11,  17,  24, 

30,31,34;  IV,  221;    V,  223,229, 

244,  258,  264,  276,  278,  279,  283, 

284. 
Uncleby  Stoop,  IV,  243,  268. 
Ventricuiites    convolutus^   I,   360 ;  II, 

71  ;  IV,  292. 
crihosus,  I,  360  ;    II,  71  ;    III, 

49  ;  IV,  292  ;  V,  336. 
decurrens^  I,  360  ;    II,  71  ;    III, 

49  ;  IV,  292  ;  V,  336. 
imptfssus^  I,  360  ;  II,  71  ;  III, 

43,  49  ;  IV,  246,  292  ;  V,  336. 
-^—  infundibuliformis^   I,    360 ;    IV, 

264,  292  ;  V,  336. 
— —  mammillaris^    I,   360  ;     II,   71  ; 

III,  43,  49  ;  V,  336. 
radiatus,  I,   360;    II,   67,    71; 

III,  49  ;    IV,  292  ;    V,  307.  323  ; 

336. 
VtrrucoccFlia    tabulata^    I,    360;     V, 

307. 
Vmcularia  bella,  V,  322. 

dUpariliSy  I,  309,  345  ;  V,  306. 

indistincta^  V,  302. 

santonemis^    I,    345  ;     V,    313, 

322. 
Walker  (J.  F,),  his  zonal  work,  V, 

325. 

Walkington,  IV,  253. 

Walmer,  IV,  273. 

Walmsley  Syphon,  IV,  205. 

Walton's  Collection,  IV,  245,  247, 
252. 

Watcombe  Bay,  V,  225  (pi.  xi). 

Wallow  Down,  V,  257. 

W^est  Bottom,  II,  4  (pi.  ix). 

West  Cliff  Cottage,  III,  8  (pis.  ii, 
vi). 

West  Standen  Farm,  V,  282. 

Westlake  (E.),  II,  62  ;  his  measure- 
ments in  L  of  Wight,  V,  284,  326. 

Westover  Down,  V,  271,  276. 

Westovcr  Plantation,  V,  272. 

AVestwood,  IV,  268. 


Wetherell  Collection,  IV,  2: 
Weiwang,  IV.  268. 
Weyboumc,  II,  63  ;  V,  323/ 
Wharram.  IV.  247.  268.      ; 
Wharram  Percy,  IV,  243,  26 
Whitaker  (W.)  on  I.  of  W 

215.. 
Whitaker*8   3-inch    tabular, 

301,  302,  305,  330. 
White(H.J.O.),V,3i2,onl 

Sea-bottom,  332. 
White  Cliflf,  III,  11,  12,  14 

xiii). 
White  Hill  Pit,  IV,  236. 
White  Horse,  The,  V,  236,  2 

(pis.  xviii,  zx). 
White  Ness,  I,  295  (pL  x). 
White  Nothe,  II,  3-5.  8,  9- 
White  Pit  Lane,  V,  280. 
White  Siliceous  Nodules  io^ 

beds,  V,  218,  234,  240,  2< 

281,  283,  289  (pi.  zxii). 
Whitecliff    Bay,    V,    236,   2 

xviii). 
Whiteland  Homestead,  V,  28 
Whiteway  Pit,  II,  39, 
Whitlands,  III,  9  (pL  ziii). 
Wight,  Isle  of  (central  ridge) 

(western  ridge)  252,  (easten 

258,  (maps)  330,  334. 
Williams  (F.  R.  B.),  FV,  274 
Wood,  I,  359. 
Woods  (H.),  on  Chalk  Rock 

I,  314. 

Wool,  II,  3,  13,  37.63,64. 
Worbarrow  Bay,  II,  22,  30  (i 
Worbarrow  Tout,  II,  3,  5  (pi 
Yar,  Western,  V,  (pi.  xxi). 
Yarborough  Monument,  V,  2, 
Yarbridge,  pit  near,  V,  258. 
Young  (G.W.),V,  312. 
Zeuglopieurus  rovoei^  I,  300,  35 

II,  54,  ;  IV,  256,  293. 
Zigzag  at  Langdon,  I,  307. 
Zonal   measurements,    see   M 

ments. 
Zonal  divisions  on  maps,  V,  3 
Zonal  fossils.  Knowledge  of,  ^ 
Zonal  junctions,  V,  331. 
Zonal  junction  between   aofi 

gractiis^  I,  319. 
planus  and  cor-iest.,  I,  31 

V,  303. 

Marsupites    and    quadra 

IVly  340. 

Zonal  theory  correct,  V,  325. 
Zones     of     various     authori 

293.. 
Zoological  Summary,  general, 

328. 
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ft   CENTENARY    OF    THE    GEOLOGICAL 
SOCIETY. 

By    It    S.   HBRRIBS,    M.A.,   F.G.S. 
{Presidential  Address  delivered  February  7thy  J90S), 

E  time  has  now  come  round  when,  in  accordance  with  the 
usual  custom,  I  have  to  address  you  at  the  end  of  my 
I  of  office.  The  past  year  has  been  an  uneventful  one  for 
ough  it  has  seen  the  completion  of  the  transfer  of  the 
y  to  University  College,  which  was  sanctioned  last  year, 
le  beginning  of  the  fiftieth  year  of  our  existence.  Death 
cen  its  usual  toll  of  our  members,  and  among  those  we  have 
•e  two  veteran  geologists  of  distinction.  Sir  James  Hector 
[r.  J.  F.  Walker,  but  fortunately  we  have  not  to  deplore, 
had  last  year,  the  loss  of  any  of  those  who  have  been 
tdy  connected  with  the  management  of  the  affairs  of  the 
ation. 

le  event,  however,  has  happened  during  the  year  which  has 
I  considerable  stir  in  the  geological  world,  and  has  been  a 
ark  in  the  history  of  geological  science.  I  mean  the 
ation  of  the  Centenary  of  the  Geological  Society,  and  I  pro- 
o  make  it  the  subject  of  my  address  this  evening. 
le  state  of  geology  at  the  time  of  the  foundation  of  the 
y  formed  the  subject  of  the  admirable  address  delivered  by 
•esident.  Sir  Archibald  Geikie,  at  the  time  of  the  celebra- 
.nd  so  only  requires  a  very  brief  reference  from  me. 
hen  the  Geological  Society  was  founded  a  hundred  years 
le  science  of  geology  as  we  know  it  can  scarcely  be  said  to 
existed.  The  name,  indeed,  was  first  used  in  1778  (the 
niriously  enough,  in  which  Greenough  was  born),  but  its  own 
or,  De  Luc,  in  1809,  remarked  that  the  science  "was 
i  geology  before  it  was  entitled  to  the  name."  Problems, 
or  less  connected  with  geology,  had  for  many  year? 
sed  the  minds  of  individuals,  and  the  views  of  these 
3  are  admirably  summarised  in  the  opening  chapters  of 
ll's  Principles."  Towards  the  end  of  the  eighteenth  century 
views  were  taking  a  more  definite  shape,  and  a  much  large 
er  of  persons  were  interesting  themselves  in  the  history  of 
uth,  attracted  by  the  teaching  of  Werner  in  Saxony,  and 
•n  in  Scotland ;  but  their  energies  were  largely  wasted  in 
lative  disputes  as  to  whether  the  sea  or  the  earth's  internal 
had  the  greater  effect  on  the  origin  of  rocks  and  the 
ion  of  the  present  form  of  the  earth,  and  hence  they  were 
d  Neptunists  and  Vulcanists  respectively.  Such  was  the 
sy  between  the  rival  parties  that  Jameson,  a  fervent  disciple 
Geol.  Assoc,  Vol,  XX,  Part  5,  1908.]  25 


354  R*   S.   HERRIES  ON  THE 

of  Werner  ("  System  of  Mineralogy,"  vol.  i,  p.  xx),  says  in  a  footnote 
to  his  definition  of  "  G^ognosie  " :  "  By  geology,  Werner  undei- 
stands  idle  and  imaginary  speculation  respecting  the  formation  ^ 
the  earth";  while  BakewelJ,  who  was  more  or  less  independent, ^^ 
his  "  Introduction  to  Geolog>',"  says  that  geognosy  and  geolQ?| 
are  synonymous,  but  adds,  in  a  footnote,  that  "  the  term  *weli" 
educated  geognost,'  as  used  by  some  writers,  denotes  a  perfect 
disciple  of  Werner  who  has  lost  the  use  of  his  own  eyes  by  co^' 
stantly  looking  through  the  eyes  of  his  master." 

It  is  difficult  for  us  to  imagine  that  a  hundred  years  ago  ^* 
that  language  of  geology,  which  comes  so  easily  to  its  present-d^T 
students,  though  it  sounds  such  gibberish  to  the  casual  visitor  to 
one  of  our  excursions,  was  practically  non-existent — but  so  it  w3^ 
Such  terms  as  Cambrian  and  Silurian,  dip  and  strike,  antidix*^ 
and    syncline,   unconformity  and    denudation,   were   unknoitf^^ 
except  possibly  to  the  miner,  from  whom  some  of  them  w^^5 
borrowed.     The  study  of  fossils  was  just  beginning,  though    ^^ 
could  hardly  be  called  palaeontology  in  the  sense  that  we  mid^*' 
stand  it.     Petrology  was,  of  course,  not  known  till  many  ye3.*^ 
afterwards,  but   mineralogy  attracted   many   students  and  h^-^* 
made  considerable  advances.     What  most  of  us  would  now  co^' 
sider  the  principal  branch  of  geological  science — namely,  strat'ti' 
graphical  geology — was  undreamt  of  by  the  teachers  of  those  day^  r 
but  there  was  in  this  country  a  man  who,  as  the  result  of  tB^s- 
practical  observations,  had  already  come  to  the  conclusion  tlr»^^ 
certain  strata  could  be  known  by  their  fossil  contents,  and  tln^^ 
these  strata  always  have  a  definite  relation  to  each  other  in  ord^^ 
of  super-position,  and  he  had  coloured  geologically,  as  early  as  l^9^* 
the  map  of  the  country  round  Bath.     This  was  the  germ  of  str^-t*' 
graphical  geology  which  gave  the  key  to  the  life-history  of  tl^^ 
earth,  and   the  discoverer  was  William  Smith,  who  was  rigli-'tiy 
called  by  Sedgwick,  in  1831,  when  presenting  him  with  the  ft^^^ 
Wollaston  Medal,  the  "  Father  of  English  Geology."    Willi^^** 
Smith,  it  may  be  noted*,  was,  like  another  geological  leader,  Cuvi^^ 
born  in  the  year  1769,  that  annus  mirabiiis  which  saw  the  bi*^** 
of  so  many  great  men,  to  name  only  Napoleon  and  Wellingt^^^ 
He  was  never  a  member  of  the  Geological  Society,  and  his  ytO"^^ 
was  for  some  time  not  much  noticed ;  but  in  the  end  he  had  f^^ 
acknowledgment,  and  worthily  heads  that  list  of  great  geologi^^^ 
the  recipients  of  the  Wollaston  Medal. 

Foundation,  Constitution,  and  Early  History  of 
THE  Society. 

Such  was  the  state  of  affairs  when  on  November  13th,  i^^^^,' 
a  company  of  eleven  gentlemen,  two  others  who  had  been  ^^^^g 
having  been  unable  to  join,  met  together  at  dinner  at  ^^ 
Freemasons'  Tavern  and  founded   the  Geological  Society,  ^^^ 
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constituted  themselves  and  the  two  absentees  the  first  members. 
If  there  is  anything  in  superstition,  there  never  was  a  society 
^hich  began  under  more  unlucky  auspices.  Founded  by  thirteen 
people  on  the  thirteenth  day  of  the  month,  the  Society  had  also 
*ts  birthday  on  the  most  unlucky  of  all  days,  a  Friday !  The 
sut>sequent  history  of  the  Society  and  its  flourishing  condition 
'^Xiay  has  shown  that  in  this  instance  the  prophets  of  evil,  if  any 
^pre  were,  were  at  fault.  Possibly  the  absence  of  two  of  the 
thix-teen  saved  the  situation.  The  infant  Society  was,  however, 
'Jfiax'ly  strangled  in  its  cradle  soon  after  the  completion  of  its 
fi'St  year  by  the  endeavour  of  the  Royal  Society  to  bring  it  into 
tutelage.  Had  it  not  then  been  for  the  determined  action  of 
Gr^enough  and  others  it  can  hardly  be  doubted  that  the  unlucky 
stair  would  have  been  in  the  ascendant,  and  the  Society  would 
^'V'e  died  of  inanition. 

"The  names  of  those  present  at  this  memorable  dinner  were  : 
Arttliur  Aikin,    William   Allen,   Dr.  William    Babington,  James 
Lc>iais  Count  de  Bournon,  Humphry  Davy,  Dr.  James  Franck, 
feorge  Bellas  Greenough,  Richard    Knight,  Dr.  James  Laird, 
J^yxies  Parkinson,  and  Richard  Phillips.     The  two  others  were 
W'illiam  Hasledine  Pepys  and  William  Phillips.     Of  these  only 
thr-^5€  can  be  said  to  have  made  either  then  or  subsequently  their 
ni^i-k  in  geology,  namely,  Greenough,  Parkinson,  and  William 
Pti.illips,   though   Aikin    wrote    a    manuscript    account   of    the 
ftrxicture  of  Shropshire,  to  which  Murchison  acknowledged  his 
indebtedness.     He   was,  however,  more  of  a  chemist,  as   were 
Allen,  Pepys  and  Richard  Phillips.      Babington,  Franck,  Laird 
*^ci  Parkinson  belonged  to  the  medical  profession.     Count  de 
^^>iimon,   a  French  emigrky   was   a   distinguished   mineralogist, 
^d    Aikin,    Laird     and     Babington     had     also     paid     con- 
siderable attention  to  that  subject.     Knight  had  experimented 
^^^^    the  result  of  fusion   of  rocks,  and   last,  but   not  least.  Sir 
nLumphry  Davy,  as  he  afterwards  became,  was  the  well-known 
^^mist   and  philosopher,  who  was  at  the  time  Secretary,  and 
^^^rwards  filled  the  chair,  of  the  Royal  Society.    A  fuller  account 
^^  the  Founders  may  be  read  in  Mr.  H.  B.  Woodward's  "  History 
®^  the  Geological  Society  of  London,"  and   I  may  take  this 
opportunity  of  expressing  my   indebtedness  to  the  author   for 
°^^'^y  of  the  facts  contained  in  this  address. 

The  objects  of  the  Society  were  declared  to  be  **  for  the 
^'Pose  of  making  geologists  acquainted  with  each  other,  of 
^^Ulating  their  zeal,  of  inducing  them  to  adopt  one  nomen- 
^^re,  of  facilitating  the  communication  of  new  facts,  and  of 
.  ^^^taining  what  is  known  in  their  science,  and  what  yet  remains 
J.  9^  discovered."  The  idea  of  the  Society  was  to  be  a  monthly 
^Urig  club,  meeting  at  the  Freemasons'  Tavern,  but  the 
^"J^bers  soon  grew  too  large  for  it  to  be  continued  in  this  way, 
^    after  permanent  rooms  had   been  engaged,   the  monthly 
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dinners  were  gradually  dropped.  Short  regulations  were  framed 
dealing  with  the  method  of  election,  introduction  of  visitors, 
subscriptions,  and  communications. 

At  this  first  meeting  Greenough  was  appointed  Treasurer, 
and  Dr.  I^ird,  Secretary.  Nothing  is  said  about  a  President, 
but  the  minute  recording  these  facts  is  signed  by  Greenough, 
thus  showing  that  he  acted  as  Chairman  from  the  first 

At  the  second  meeting,  on  December  4th,  1807,  it  was 
decided  to  have  a  Patron  and  a  President.  The  Right  Hon. 
Charles  Francis  Greville,  who  had  formed  a  fine  collection  of  V 

minerals,  was  chosen  for  the  former  post,  and  Greenough  for  the 
latter,  his  place  as  Treasurer  being  filled  by  the  selection  of  Pepys. 
Forty-two  Honorary  Members  were  elected,  and  a  committee  was 
appointed  to  draw  up  a  code  of  rules.     At  this  meeting  the  first 
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two  communications  were  made  to  the  Society  in  the  form  of  "^^ 
exhibits  by  Mr.  Knight  and  Count  de  Boumon. 

At  the  next  meeting,  on  January  ist,  1808,  the  Rules  pro — ^;2 
posed  by  the  committee  were  adopted.     The  declared  object  of  «:^ 
the  Society  differs  somewhat  from  that  enunciated  at  the  fiis^ 
meeting,  the  concluding  words,   "and  of  ascertaining  what  i-, 
known  in  their  science,  and  what  yet  remains  to  be  discovered, 
being  altered  to  "and  of  contributing  to  the  advancement  c 
Geological   Science,   more  particularly   as  connected   with 
Mineral  History  of  the  British  Isles,"  an  alteration  which 
scarcely  be  said  to  be  an  improvement,  though  in  subseqw 
issues  of  the  Rules  this  last  paragraph  alone  app>ears  as  the  obje* 
of  the  Society's  institution.     The  Society  was  to  consist  of 
Patron,  a  President,  two  Vice-Presidents,  a  Treasurer,  a  Secrei 
Ordinary  and    Honorary   Members.      The   officers,   except  t^Jie 

Patron,    were   to   be   elected  annually  by  ballot.     Then  folic *iv 

regulations  dealing  with  the  election  of  members,  conduct         of 
business  at  meetings,  subscriptions,  and  visitors.     A  commit«roe 
composed  of  the  officers  and  three  members,  chosen  by  balL  <:>^. 
was  to  be  appointed  annually  to  act  as  Trustees  of  all  presex:^^^ 
given  to  the  Society,  and  all  communications  were  to  be  approv-^?<i 
by  this  committee  previous  to  their  being  read  before  the  Society- 
In  this  provision  we  see  the  beginning  of  the  Referee  syst^«^if^» 
which  has  often  been  the  subject  of  criticism  among  authors     ^^^ 
papers  and  the  Fellows  of  the  Society  generally.     The  two  Vic*^ 
Presidents  appointed  were  Davy  and    Dr.   Babington,  and    th^ 
three  first  elected  members  of  the  committee,  which  was  kno'^^'J 
as  the  Committee  of  Trustees,  were  Aikin,  Allen,  and  Richar_« 
Phillips.     In  1809  their  number  was  increased  to  Hve.     At  tH»s 
meeting  the  first  two  papers  were  read  before  the  Society  by  JoH'' 
Taylor,  an  Honorary  Member,  and  ^V^  H.  Pepys.     It  was  fu:th>^' 
memorable  for  the  foundation  of  the  Society's  Museum,  by   ^^ 
offer  of  Dr.  Babington  to  present  a  cabinet  for  the  reception   ^ 
specimens,  which  soon  began  lo  accumulate. 
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From  that  time  the  Society  began  to  increase  in  numbers,  for, 
during  1808,  36  Ordinary  Members  and  44  Honorary  Members 
were  elected.     These,  added  to  the  13  Original  Members,  the 
Patron,  and  the  first  batch  of  42  Honorary  Members,  brought 
the  numbers  up  to  1 36.     It  is  not  surprising  that  before  the  end 
of  the  year  the  Society  decided  to  engage  its  own  rooms,  and  in 
March,  1809,  these  were  found  at  No.  4,  Garden  Court,  Temple. 
Among  the  earliest  members  elected  was  Sir  Joseph  Banks, 
the  President  of  the  Ro>'al  Society,  but  he  resigned  early  in  1809, 
alleging  that  the  Society  "  had  de\nated  from  the  principles  which 
they  had  entertained  at  their  first  establishment."     How  they  had 
done  so  is  not  clear,  but  probably  Banks  was  alarmed  at  the 
growing  popularity  of  the  Society  and  their  independence  of 
action  in  deciding  to  have  a  home  of  their  own.     Following  on 
this  resignation,  a  "  Plan  for  consolidating  the  Geological  with  the 
Ro>*al  Society  as  an  Assistant  Society"  was  proposed  by  Charles 
Greville,  the  Patron.     Put  shortly,  the  plan  was  that  the  Society 
should  consist  of  two  classes  of  subscribing  members,  the  first 
dass  being  those  who  were  Fellows  of  the  Royal  Society,  who 
would  form  the  Council,  the  remainder  making  up  the  other  class, 
to  be  known  as  Assistant  Members.     The  Council  was  to  con- 
duct all  the  affairs  of  the  Society,  to  elect  members,  and  make 
l)>e-laws;  but,  while  the  President  was  to  be  elected  from  the 
first  class,  the  other  officers  could  be  chosen  from  the  members 
at  large.     All  papers  relative  to  geology  or  mineralogy  were  to  be 
communicated  to  the  Council  of  the  Royal  Society,  who  were  to 
select  such  papers  as  they  pleased  for  reading  before  that  Society, 
stnd  for  printing  in  the  "  Philosophical  Transactions,"  while  the 
etiological  Society  might  keep  any  papers  not  required  by  the 
l^oyal  Society,  and  publish  them  if  they  thought  fit,  at  their  own 
eacjpense. 

It  is  difficult  to  believe  that  the  promoters  of  this  plan  seriously 

eacpected  the  Society  to  adopt  it,  and  thereby  commit  the  "  happy 

d^jspatch,"  for,  as  I  have  already  said,  they  must  have  died  of 

''^^nition  in  a  few  years  had  they  done  so.     But  there  is  no  doubt 

'^^^t  considerable  pressure  was  brought  to  bear,  and  it  must  be 

Jp'^embered  that  about  half  the  members  were  Fellows  of  the 

K.03^1  Society,  who  might  have  thought  that  they  ought  to  sup- 

P^^*^   a  proposition  brought  fon^ard  with  all  the  prestige  of  the 

*^*^*Or  Society.     Good  sense,  however,   prevailed,  and  the  pro- 

P^^^^ls   were   rejected  at   a    special    meeting,   at   which    twenty 

Q^^*"^     present,     including    eight     of     the     original     members. 

tt^*^^y  four  of  those  present  seem  to  have  been  Fellows  of  the 

.^ya.1  Society,  so  possibly  many  of  those  stayed  away,  so  as  to 

^*^^    the  others  the  opportunity  of  voting  on  what  principally 

^*^^^med  their  interests.      The  credit  of  bringing  about  this 

^^^It,  and  practically  saving  the  Society,  was  largely  due  to  the 

*^*^ness  and  tact  of  Greenough,  to  whom  the  Society  was  thus 
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deeply  indebted,  a  fact  which  was  always  recognised  during  his 
life,  and  recalled  at  the  time  of  his  death  by  Hamilton,  tb^ 
President,  in  reading  his  obituary  notice.     The  immediate  resuij 
of  the  rejection  of  the  plan  was  the  resignation  of  GrevUle  an^ 
Davy,  and  from  that  time  the   Society  did  without  a  Patro*^- 
Davy  rejoined  in  1815,  by  which  time  no  doubt  the  wisdom  ^ 
the  Society's  action  was  generally  recognised.     Mr.  H.  B.  Wooo' 
ward,  in  his  History,  has  quoted  some  remarks  of  Sir  WilliaJ^ 
Huggins,  when  President  of  the  Royal  Society  in  1903,  in  whi<:^ 
he  says  that  "  the  scientific  world  have  good  reason  to  rejoi^^ 
over  the  wise  and  far-seeing  policy"  of  those  who  decided  *^^ 
keep  the  young  Society  free  from  obligations  to  any  other  boA^* 
In  the  Address*  which  I  had  the  honour  to  present  to  the  Soci^*^ 
in  your  name  at  the  celebrations  last  September,  this  incident  fr^*^ 
recalled,  not  as  in  any  way  reflecting  on  the  action  of  the  Roy^^^ 
Society,  but  to  illustrate  the  consistent  course  of  conduct  of  ^^^^ 
Geological  Society,  who,  having  freed  themselves,  never  plac^^^ 
any  obstacle  in  the  way  of  the  formation  of  other  bodies,  such^^^ 
our  own  Association  and  many  local  societies,  whose  aim  was  tj^^ 
study  of  geology.     That  their  interests  have  not  suffered  there^^^ 
is  certain ;  on  the  contrary,  they  have  found  in  the  daugh*^^ 
societies  excellent  recruiting  ground,  and  a  means  has  been  pi      ^ 
vided  of  recording  many  geological  observations  which,  while 
considerable  local  interest,  are  not  of  such  general  importance 
to  warrant  their  publication  in  the  Journal  of  the  Geological  Socie^i 

Having  got  safely  over  these  early  troubles,  the  Society  w^^^ 
on  prospering,  and  never  looked  back.  About  this  time  tta-^ 
began  the  formation  of  a  Library,  and  early  in  the  next  ye^^^" 
1 8 10,  they  had  outgrown  their  premises  in  the  Temple,  a^  '^^ 
joined  with  the  Medical  and  Chirurgical  Society  in  takfc  ^ 
No.  3,  Lincoln's  Inn  Fields.  In  the  same  year  perman^^^- 
Trustees  were  appointed,  and  the  Committee  of  Trustees  who  )r^-^ 
up  till  now  managed  the  affairs  of  the  Society  was  replaced  b  ^^ 
Council  consisting  of  twenty-one  members,  of  whom  Greenou:^-  ^ 
was  still  President.  Sir  John  St.  Aubyn,  Dr.  Babington,  Rofc^^ 
Ferguson,  and  Sir  Abraham  Hume  were  Vice-Presidents;  "^—^ 
Laird  and  Leonard  Horner,  Secretaries  ;  Pepys,  Treasurer  ;  ^^-  ^ 
Count  de  Bournon,  Foreign  Secretary.  In  181 1,  at  the  insta^"*^""^ 
of  Greenough,  a  resolution  was  passed  limiting  the  term, 
office  of  President  to  two  years,  and  this  rule  has  been  alTi*'^^^ 
adhered  to,  though,  as  I  pointed  out  in  my  address  last  year,  ^^ 
terms  of  the  subsequent  Charter  made  the  passing  of  a  bye-^^' 
to  that  effect  ultra  vires. ^  In  accordance  with  this  resolute i^^ 
Greenough,  after  serving  two  more  full  years,  resigned  "^' 
Presidency  in  181 3,  after  having  held  it  for  ^s^  years  and  tl^  ^' 
months  from  the  foundation  of  the  Society.     He  was  in  su^^^*^* 

*  See  foot  p.  376. 

t  Proc.  Geol,  Assoc,  vol.  xx,  p.  ai. 
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quent  years  twice  reelected  to  the  office.  After  iSio  no  more 
Honorary  Members  were  elected,  and  firom  1SF4  onwards  they 
were  replaced  by  Foreign  Members. 

The  year  181 1  saw  the  issue  of  the  first  of  the  Society's 
publications.  Vol  I.  of  the  Trafuactsl^ns,  while  in  i3i2  the  first 
of  a  long  series  of  able  pennanen:  o:^cials  was  appointed  in  the 
person  of  Thomas  Webster,  who  wxs  made  Keeper  of  the 
Museum  and  Draughtsman.*  The  L:brar\-  and  Museum  con- 
tinued to  grow,  and  in  1816  another  move  was  made  to  No.  20, 
Bedford  Street,  Strand.  In  182  c  Greenoughs  Map  was  published. 
He  had  been  at  work  on  it  since  iScS. 

We  now  come  to  a  most  important  event  in  the  history  of  the 
Society,  by  which  its  constitution  was,  as  it  were,  mstallised.     I 
mean   its   incorporation   by   Royal   Charter.      The  date  of  the 
Charter  is  April  23rd,  1825,  and  the  Society  was  incorporated 
under  the  name  of  "  The  Geological  Society  of  London,''  instead 
of  "  The  Geological  Society,"  under  which  title  it  was  founded. 
The  declared  object  of  the  Society  is  simply  "for  investigating  the 
Mineral  structure  of  the  Earth,*'  and  it  is  stated  that  considerable 
sums  of  money  have  been  expended  "in  the  purchase  and  collection 
of  books,  maps,  specimens  and  other  objects  and  in  the  publica- 
tion of  various  works."     Two  classes  are  mentioned,  Fellows  and 
Foreign  Members,  the  number  of  Fellows  being  indefinite.     The 
first  Fellows  are  declared  to  be  the  Rev.  William  Buckland,  Arthur 
Aikin,  Dr.  John  Bostock,  George  Bellas  Greenough,  and  Henry 
Warburton.     Of  these  Buckland  was  the  elected  President  for  the 
year,  Dr.  Bostock  was  his  successor  in  omce,  .\ikin  and  Greenough 
were  Founders,  and  Warburton,  who  was  elected  in   i8c8,  had 
been  largely  instrumental  in  securing  the  grant  of  the  Charter. 
They  are  directed  to  appoint  before  the  ne.xt  annual  meeting  in 
February  such  other  persons  to  be  Fellows  and  Foreign  Members 
as  they  think  fit,  and  they  are  until  that  time  appointed  to  be  the 
first  Council,  Buckland  being  President.    At  the  Annual  Meeting 
one-fifth  or  more  of  the  Council  must  be  removed  by  a  ballot  of 
the  Fellows,  and  others  elected  so  as  to  bring  the  Council  up  to 
twenty-three.     From   among  the  Council   thus   constituted   the 
Fellows  are  to  elect  by  ballot  a  President,  and  as  many  Vice- 
l^residents,  Secretaries,  and  Treasurers  as  they  shall  think  proper. 
From    and    after    the    first    annual    meeting   the   Fellows   are 
empowered  to  elect  or  remove  Fellows  and  Foreign  Members  by 
ballot  at  general  meetings,  to  appoint  officers  and  ser\-ants,  and  to 
make  such  orders  and  bye-laws  as  shall  appear  useful  for  the 
government  of  the   Society,   and   for   settling   certain   specified 
natters,  with  power  to  alter,  suspend,  or  repeal  such  orders  and 
bye-laws,  with  a  proviso  that  they  must  not  be  repugnant  to  the 
Obarter  or  the  laws  of  the  Realm. 

In  accordance  with  the  directions  contained  in  the  Charter 

*Tb*  Society  had  already  a  collecting  clerk. 
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the  Council  of  five  proceeded  to  appoint  as  additional  Fellows 
practically  all  the  existing  members  to  the  number  of  367,  and  as 
there  was  no  provision  in  the  Charter  for  Honorary  Members, 
they  gave  them  the  choice  of  becoming  Fellows  in  the  ordinary 
way,  but  without  ballot.  Only  six  availed  themselves  of  this 
offer ;  the  remainder,  numbering  upwards  of  fifty,  were  allowed 
to  remain  on  the  list  with  the  same  privileges  as  Foreign 
Members.  At  the  next  annual  meeting  the  full  Council  of 
twenty-three  was  elected,  and  in  1827  the  first  set  of  Bye-Laws 
was  adopted,  not  differing  materially  from  those  now  in  force, 
though  they  have  naturally  been  amended  in  detail  from  time  to  ^ 

time  to  suit  altered  ideas  and  requirements.     The  number  of  -3 

Foreign   Members  was    by  the  first  Bye-Laws  declared  to  be  «. 

unlimited,  though  it  is  not  so  stated  in  the  Charter,  and  in  1863  ^ 

it  was  fixed  at  forty.      In  the  Bye-Laws  one  of  the  secretaries  is  ^ 

designated  as  the  Foreign  Secretar)',  and  the  practice  since  the  ^ 

granting  of  the  Charter  has  been  to  have  two  ordinary  Secretaries,  ^^ 

one  Foreign  Secretary,  one  Treasurer,  and  four  Vice-Presidents,  ^^ 

except  in  1826,  when  there  were  three  ordinary  Secretaries,  and         -Cxj 
in  1845,  when  there  was  only  one. 

The  Charter  cost  the  Society  nearly  ^^400  in  fees  and  £>d 
stamps,  but  this  expenditure  can  be  looked  on  as  a  good  C^^d 
investment,  because  there  can  be  little  doubt  that  it  paved  .C^^ 
the  way  to  the  grant  by  the  Government  of  rooms  in  Somerset  ^t^^et 
House.  This  took  place  in  1828,  and  it  is  interesting  to  ^^.^to 
note  that  the  grant  was  made  through  the  mediation  of  the  ^^jt^e 
President  and  Council  of  the  Royal  Society,  the  President  ^  ^nr  tnt 
being  Davies  Gilbert,  who  was  on  the  council  of  the  Geological  X-cs^i::al 
Society.  A  capital  expenditure  of  about  ;^i,5oo  was  required  to<i>^  to 
adapt  the  rooms  to  the  Society's  purposes,  and  a  further  sum  ofi<:>  of 
;^i,ooo  was  expended  six  years  later,  when  the  accommodationrx<z>ior 
was  still  further  increased.  Nearly  ;£^  1,500  of  the  requiredE>^^"Te<i 
amount  was  raised  by  subscription  among  the  Fellows  on  theses ^^s^esc 
two  occasions,  and  though  the  amount  expended  (including  th^ir€-^thc 
cost  of  the  Charter)  was  thus  nearly  ;^3,ooo,  the  Society,  it  wirX-i -.^will 
be  seen,  were  the  gainers,  when  it  is  remembered  that  they  hac>-«*^^3<^ 
as  much  space  as  they  then  required  rent  free,  instead  of  th^^^  ^^^^ 
inadequate  accommodation  of  the  Bedford  Street  house,  fo'<:>"^  ^or 
which  they  had  to  pay  ;;^i5o  a  year  in  addition  to  a  premium#nr»  -■'n. 
Subsequently,  in  1874,  the  removal  to  the  present  rooms  a-^s  ^^ 
Burlington  House  cost  nearly  ;^2,ooo,  and  once  more  th»-c^-^^c 
generosity  of  the  Fellows  came  to  the  rescue,  and  a  sum  of  ovc^^^^*'^^ 
;^i,ooo  was  raised  by  subscription. 

With  the  Charter  the  history  of  the  Foundation  and  Constiti^  -^'  -  ^-^' 
tion  of  the  Society  may  be  said  to  end,  the  most  notable  events  m  ^  ^ 
subsequent  years  being  the  establishment  of  the  Quarter  ^  ^-/v 
Journal  in  1845,  and  the  removal  to  Burlington  House.     TW  "  he 

Bye-Laws  have  from  time  to  time,  as  I  have  already  said,  be^  ^^ 
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revised,  notably  in  1889,  when  they  were  carefully  gone  through 
by  a.  committee  and  to  a  certain  extent  re-cast 

Perhaps  the  most  important  addition  to  the  Bye-Laws  was  the 
creation,  in  1863,  of  a  class  of  Foreign  Correspondents,  not  pro- 
vided for  in  the  Charter,  from  whom  the  Foreign  Members  are 
selected.  A  proposal  by  the  Council  to  create  a  somewhat  similar 
<^ass  of  Lady  Associates  was  the  subject  of  debate  at  a  Special 
General  Meeting  last  year,  with  the  difference  that,  whereas  the 
Foreign  Correspondents  are  given  no  privileges,  the  Associates  were, 
oa  SL  reduced  scale  of  payment,  to  have  practically  all  the  rights  of 
Fellows,  except  the  power  of  voting  at  meetings  and  taking  part 
in  the  government  of  the  Society.  The  proposal  was,  however, 
thrown  out  by  a  small  majority,  and  it  would  seem  from  the 
speeches  made  on  that  occasion  that  the  opposition  was  con- 
adeiably  reinforced  by  the  advocates  of  the  admission  of  ladies 
J?  full  Fellows,  who  were  determined  to  have  no  half-measures. 
^is,  however,  is  a  thorny  subject,  and  it  was  fully  dealt  with  in 
^y  address  last  year.* 

Certain  other  matters  have  exercised  the  Fellows  from  time  to 

^J*^^  and  have  been  the  subject  of  Special  General  Meetings.  Of 

^^se  the  chief  are  the  Museum  and  the  method  of  selection  of 

Papers.     With  the  latter  subject  I  also  dealt  rather  fully  in  my 

?7^ress  last  year,t  and  shall  mention  it  incidentally  later  on.     As 

fte  Museum,  which  dates,  as  we  have  seen,  from  1808,  it  is  a 

^^^  important  collection,  and  it  must  be  admitted  that  it  does  not 

f^^ive  the  care  or  attention  that  it  deserves.    This  is  not  the  fault 

^  ^he  Council  or  Officials,  but  of  circumstances,  the  chief  of  which 

|p»  On  the  one  hand,  the  more  urgent  requirements  of  the  Library, 

*^*ch  swallow  up  all  the  available  funds,  and,  on  the  other,  the 

©lOivth  and  easy  accessibility  of  other  museums.     The  retention 

.       ^he  Museum  is  largely  a  matter  of  sentiment,  the  collections 

IJ^'Wng  been  practically  all  acquired  by  gift,  and  I,  for  one,  think 

^^y  should  be  retained  as  long  as  possible;  but  some  day  the 

.    ^^irements  of  the  Library,  in  the  way  of  space,  will  force  the 

^n<i  of  the  Council,  and  it  will  then  have  to  decide  on  the  future 

L    '^e  of  the  Museum,  and  on  the  conditions  under  which  it  is  to 

^  E^^rted  with. 

The  Jubilee  of  the  Society. 

y  fiy  November,  1857,  the  Society  had  been  in  existence  for  fifty 
•v^-^s,  but  the  event  seems  to  have  passed  without  any  notice. 
^  V^?  seems  odd,  but  it  may  be  remarked  that  not  one  of  the 
^^^K^al  Founders  was  then  living.  The  last  survivor  was  Pepys, 
Ho  died  in  1856,  but  he  had  resigned  his  Fellowship  in  1829. 
"^^^liard  Phillips  had  died  in  185 1,  Aikin  in  1854,  and  Greenough 

♦  Proc,  Geol.  Assoc, ^  vol.  xx,  p.  33. 
t  Loc.  cit.,  p.  31. 
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in  1S55  ;  all  the  others  nuieh  earlier.*  C)ur  own  Association  was 
founded  just  a  year  after  this  event,  and  we,  as  you  have  heard 
from  the  Annual  Report  that  has  been  read  this  evening,  are 
fortunate  in  being  able  to  commemorate  our  jubilee  by 
honouring  three  of  those  who  assisted  in  our  foundation.t  Of  the 
Society's  Council  for  1857  there  are  still  two  survivors,  the  Earl 
of  Ducie  and  Prof.  Story  Maskelyne,  and  though  not  on  the 
Council  that  year,  Sir  Joseph  Hooker  (1852),  Sir  Richard 
StracheyJ  (1853),  and  Dr.  Sorby§  (1856)  had  all  served  on  the 
Council  before  the  Jubilee  year.  In  the  list  for  1907  there  are 
no  less  than  twenty-three  names  dating  from  1857  or  earlier,  of 
whom  the  Rev.  W.  H.  Egerton  was  elected  in  1832,  and  has 
therefore  been  a  Fellow  for  nearly  seventy-six  years.  Four 
others,  including  Sir  Joseph  Hooker  (elected  in  1846),  have  sixty 
years  to  their  credit.  Of  the  rest  we  may  mention  Dr.  Sorby, 
elected  in  1850,  Sir  R.  Strachey  in  1851,  the  Rev.  O.  Fisher  and 
Prof.  T.  Rupert  Jones  in  1852,  the  Earl  of  Ducie  and  Mr.  H.  H. 
Howell  in  1853,  Prof.  N.  Story  Maskelyne  in  1854,  Lord  Avebury, 
Professor  Hull,  and  one  of  our  own  Founders,  Mr.  J.  E.  Saunders, 
in  1855,  and  Sir  John  Evans  in  1857.  Sir  Archibald  Geikie,  the 
President  for  the  Centenary  year,  and  Mr.  Whitaker  fall  only  two 
years  short,  having  been  elected  in  1859.  It  may  also  be  noted 
that  at  the  time  of  the  Jubilee  Prof.  T.  Rupert  Jones  was  filling  ^3g 
the  position  of  Assistant  Secretary. 

The  Aim  and  Work  of  the  Society. 

From  the  first  the  Geological  Society  set  out  with  the  idea  of^d^  of 
collecting  and  communicating  facts,  and  this  aim  has  always  been^crv^aen 
maintained,  anything  in  the  nature  of  speculation,  other  thanr^K-jcsan 
legitimate  inferences  drawn  from  facts,  being  systematically  dis-^  i  -lis- 
couraged.  This  was  very  sound,  and  I  may  well  quote  LyelL  J  J^^aell, 
who,  in  the  fourth  chapter  of  his  "  Principles,"  writing  of  th^x^Jthe 
foundation  of  the  Society,  says  : 

"  But  although  the  reluctance  to  theorise  was  carried  somewha-csx^ha* 
to  excess,  no  measure  could  be  more  salutar)'  at  such  a  moment  thai»-«s  x^an 
a  suspension  of  all  attempts  to  form  what  were  termed  *  theories  00  .^s  ol 
the  earth.'  A  great  body  of  new  data  was  required  ;  and  the  Gecz>^  ^eo 
logical  Society  of  London,  founded  in  1807,  conduced  greatly  t:^  "^^^^ 
the  attainment  of  this  desirable  end.  To  multiply  and  recor-x<::>— ore 
observations,  and  patiently  to  await  the  result  at  some  futuirxi-r  ^  tun 
period,  was  the  object  proposed  by  them;  and  it  was  the^^^hcJ' 
favourite  maxim  that  the  time  was  not  yet  come  for  a  genemr^^-^era^ 

•  Leonar<l  Horner,  Warburton,  and  Rev.  E.  J.  Burrow,  each  of  whom  was  elected  -^^^^"J^iv* 
1808,  were  still  living,  and  Horner  was  a  Vice-President  for  that  year.  He  lived  till  i8>^  ^  *  '*°*» 
and  wa^i  President  for  the  second  time  from  iS6o  to  1862. 

t  Sec  foot  p.  387.  . . 

t  Sir  Richard  Sirachoy  died,  aged  90,  on  February  lath,  1908,  a  few  days  alterir     -^srtaa 
Address  was  delivered.  

§  Dr.  Sorby  died,  aged  8f,  on  March  9th,  1908,    whilst  these  pages  were  pasa^^»'  ^»"V 
through  the  press. 
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system  of  geology,  but  that  all  must  be  content  for  many  years 
to  be  exclusively  engaged  in  furnishing  materials  for  future 
S^neralisations.  By  acting  up  to  these  principles  with  consist- 
ency, they  in  a  few  years  disarmed  all  prejudice,  and  rescued  the 
science  from  the  imputation  of  being  a  dangerous,  or  at  best  but 
a  visionary  pursuit" 

Fitton,  in  reviewing  a  volume  of  the  Transactions  in  the 
^dinbur^h  Review  (vol  28,  p.  174),  says  the  papers  were  char- 
acterised by  "  strict  experiment  or  observation,  at  the  expense  of 
*11  hypothesis,  or  even  of  moderate  theoretical  speculation." 
'^is  s>-stem  can  of  course  be,  and  sometimes  has  been,  carried 
too  far ;  but  it  has  not  prevented,  for  instance,  the  publication  of 
such  a  paper  as  the  classic  one  by  Godwin  Austen  "On  the 
*[ossible  Extension  of  the  Coal-Measures  Beneath  the  South- 
^^tern  Part  of  England." 

The  first  idea  of  the  founders  of  the  Society  was,  as  has  been 

weady  said,  a  dining  club,  where  the  members  could  meet  for 

aiscussion  and  exchange  of  views,  but  they  soon  extended  their 

JJjcthods  of  carrying  out  their  original  aim  as  above   defined. 

^he  fundamental  notion  of  meeting  has,  however,  always  retained 

~J^    first    place,   and    must   have    proved  of  immense  value  to 

^"^    science  and    to  its  individual  followers,  who  could    meet 

^^ch  other  on  common  ground,  and  join  in  public  discussion  or 

private  conversation  at   the   fortnightly   meetings.      The  other 

^^thods  which  have  been  adopted  by  the  Society  for  furthering 

^^  progress  of  geology  have  been  the  amassing  of  the  collections 

^'^OMm  as  the  Museum,  to  which  reference   has  already  been 

Jpade ;  the  formation  of  the  splendid  lending  library  of  geological 

uterature  and  maps  now  at  Burlington  House  ;  the  bringing  out 

*^^  revising  from  time  to  time  of  Greenough's  Map,  which  for 

years  held  the  first  place  as  a  geological  map  of  England  and 

^^ales  on  such  a  scale  (6  miles  to  the  inch),  till  it  was  practically 

?up>eTseded  a  few  years  ago  by  the  fine  Index  Map  (4  miles  to  the 

^^ch)  brought  out  by  the  Geological  Survey;  and  last,  but  not 

least,  the  long  series  of  publications  issued  by  the  Society  under 

^«"ious  names. 

^    '^he  publications   have   been   very    fully  described   by    Mr. 

vvoodward   in    his   History,   and   so    may   be   dealt    with    very 

shortly   here.     First   came   the   quarto    Transactions,    of    which 

^^iJirie  I  was  published  in  181 1.      There  were  ^s^t  volumes,  the 

^  ^^'o  being  each  in  two  parts,  the  last  part  coming  out  in  182 1. 

^^^  were  followed  by  a  second  series,  commencing  in   1822, 

?  Concluding  in  1856,  during  which  period  seven  volumes  were 

of     J|^^^^»  ^^^^  consisting  of  two  or  more  parts.    The  appearance 

gg-  ^*^^se  volumes  or  parts  was  very  irregular,  and  as  this  often 

^^1  ^^^d  an  author  injuriously  in  the  matter  of  priority,  and  caused 

^j^i^y  in  bringing   valuable  information  before  other  workers,  the 

^^^ient  was  devised  of  publishing  accounts  of  the  meetings. 
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with  brief  abstracts  of  the  papers  read,  in  an  octavo  form  known      ■  >n:  ' 
as  The  Proceedings,     These  began  in  1827,  and  were  issued  at      B'^- 
short  intervals,   proving  very  useful,   till  they  were  merged  ^^      ■■i^: 
the  Quarterly  Journal  in  1846.     The  last-named  famous  serial 
began  in   1845,  in  octavo  form,  and  has  continued  to  app^ 
regularly  from  that  time  to  the  present,  the  last  number  issued 
being  that  for  November,  1907,  or  No.  252,  completing  ihe63rd       Jdr 
volume.     In  1897  an  index  to  the  first  fifty  volumes  was  issueA 
compiled  by  Mr.  L.  L.  Belinfante,  the  assistant  secretary.  Ofth»s 
work  I  can  only  say,  that  it  has  thoroughly  deserved  the  praise 
that  has  been  bestowed  on  it  by  all  who  have  had  occasion  to  use 
it.     Other  publications  of  the  Society  have  been  G.  W.  Ormerod's 
"Classified  Index"  to  the  Society's  publications;  J.  F.  Blake's 
arrangement  of  Mr.  C.  Da  vies  Sherborn's  manuscript  catalogue  <^ 
the  "  Type  and  Figured  Specimens  "  in  the  Museum ;  Huttor*  s 
"  Theory  of  the  Earth,"  vol.  iii ;  the  annual  series  of  "  Geologi^:^ 
Literature    added    to    the    Library,"   the  material    for   whio^ 
prior   to    1895,   ^^^   included  in  the   Quarterly  Journal  \  ^X*^ 
the  "Abstracts  of  Proceedings"  started  in  1857.      Mr.  Sherbo^^^ 
is  now  at    work   on   a   comprehensive   card   catalogue    of  tJ^^ 
Library,  which,  when  completed,  will  form  a  valuable  additi^^^ 
to  the  publications   of  the  Society,   if  the    Council    decide      ^^ 
print  it.     Mention  should  also  be  made  of  the  "  History  of  ^^^f 
Geological    Society    of  London,"    by    Mr.    H.   B.  Woodwa^'^^ 
published   in    connection   with    the    centenary  celebrations,       ^^ 
which  I  have  already  expressed  my  acknowledgments. 

As  to  the  work  of  the  Society,  it  is  to  be  found  in  the  varies '^^ 
published  volumes,  and  to  enter  on  a  description  of  it  would  alm^-^^ 
involve  a  history  of  geology  for  the  last  hundred  years.     It  ir^-^*'^ 
be  said  that  there  is  no  subject  of  geological  interest  which  ir^^j 
not  come  before  the  Society  in  some  form,  and  hardly  any  part:     ^ 
the  world  has  escaped  the  notice  of  the  contributors  to  its  P^^^-^T^ 
cations.     Mr.  Woodward  has  given  an  epitome  of  most  of  "C^^^ 
important  subjects   which   have   engaged   the  attention   of  '^^^^ 
Fellows  up  to  a  comparatively  recent  period.     It  will  suffice 
mention  some  of  the   more   controversial.      They  include    '•^'^ 
Cambrian  and  Silurian  disputes  between  Sedgwick  and  Murchiss-^^^    ' 
the  attacks  on  Devonian  orthodoxy  by  Jukes,  and  later  by  Hic^^^^ 
the  North-west   Highland  succession,  the  Glaciation  of  Brit^"-^^^ 
Eozoon  canadensey  the  Precambrian  Rocks,  and  the  Antiquity^        ^ 
Man.  I 

Into  the  merits  of  the  Cambrian  and  Silurian  controvert 3^L 
do  not  propose  to  enter.     The  hatchet  has  been  buried,  and     "^ 
"  blessed  word  "  Ordovician  written  as  its  epitaph,  but  it  carm  '■""^ 
be  denied  that  the  treatment  of  Sedgwick  by  the  Council  on  '•^"^^ 
occasions   was   unfortunate,   and   calculated  to  provoke  res^^^^^ 
ment.     The  first  was  in  1843,   and  arose  out  of  the  P^op^^^^^i;. 
reduction  by  Warburton,  the  President,  to  a  fit  state  for  pi-^*-  ^^ 
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cation  of  the  two  papers  he  had  read  that  vear  on  *'  The  Structure 
of  Nor^  Wales,"  and  "  The  Older  Pabeozbic  Rocks."  Sedgwick 
willingly  agreed  to  this,  but  he  was  not  prepared  for  the  way  in 
which  Warburton  deliberately  altered  them,  so  as  to  bring  about 
what  he  thought  was  a  compromise,  and  then  sent  them  to  press 
without  allowing  the  author  to  see  the  proofs.  The  second 
occasion  was  in  1852,  when  a  paper  of  his  on  the  '*  Classification 
and  Nomenclature  of  the  Lower  Palaeozoic  Rocks  ^  was  ordered 
to  be  printed  in  an  abstracted  form,  but  by  some  mistake  was 
printed  in  full,  whereup>on  the  number  was  ordered  to  be 
recalled  and  the  oflfending  passages  cancelled.  The  wording 
of  the  resolution  by  which  this  was  effected  was  not  at  all 
happy,  and  the  usual  consequences  of  attempting  to  correct 
a  mistake  followed.  Sedgwick  thought  it  was  intended  to 
cast  a  reflection  on  him,  and  the  resolution  was  afterwards 
rescinded,  and  another,  in  the  nature  of  an  apology,  passed. 
The  selection  of  papers  for  reading  or  publication  has, 
as  we  have  seen,  been  controlled  from  the  ver\*  first  (see  p.  356). 
As  I  argued  in  my  address  last  year,  it  is  ditficult  to  see  how  this 
could  be  otherwise,  but  much  depends  on  the  way  in  which  the 
selections  are  made.  There  have  no  doubt  been  mistakes  in  the 
past ;  papers  have  been  published  that  had  better  have  been 
consigned  to  oblivion,  and  others  have  been  rejected  for  reasons 
which  it  is  difficult  to  understand.  As  a  rule  not  much  hardship 
has  been  done  to  the  author,  for  if  the  paper  is  really  worth 
printing  some  other  medium  has  generally  been  found  for 
bringing  it  before  the  public,  and  in  some  cases  such  rejected 
papers  have  become  classics.  I  need  only  refer  to  Charlesworth's 
paper,  in  1835,  on  the  "  Crag  Formation  "  ;  that  of  Searles  Wood, 
jun.,  in  1864,  on  **  The  Drift  of  the  East  of  England ''  :  and  that  of 
Mr.  Whitaker,  in  1867,  on  "  Subaerial  Denudation."  I  myself 
believe  that  much  more  satisfactor}-  results  will  be  obtained 
under  the  new  system,  which  has  been  in  force  for  the  last  three 
or  four  years,  of  fully  discussing  a  paper  before  a  p)ermanent 
publication  committee  instead  of  allowing  a  single  aJ  hoc  referee 
to  report  to  the  full  Council.  At  any  rate  there  is  more  chance 
of  consistency  in  the  decisions  of  the  Committee. 

Besides  the  actual  work  done  by  the  Society,  their  influence 
las  often  made  itself  felt,  notably,  as  .Mr.  Woodward  has  pointed 
»ut,  in  the  formation  of  the  Government  Department  known  as 
ie  Geological  Sur\'ey. 

One  method  of  forwarding  geology  has  never  been  adopted 

/  the  Society  ;  I  mean  the  organisation  of  excursions  to  places 

geological  interest.     We,  at  any  rate,  ought  not  complain,  as 

ey  have  left  the  field  clear  for  us,  and  there  can  be  no  doubt 

\t   we  have  reaped  a  considerable  advantage  in   membership 

*reby.     This  gives  me  the  opportunity  of  mentioning  that  our 

adons  with  the  Society  are,  as  they  have  been  for  many  years, 
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most  cordial.  There  was  a  time  when  we  seemed  a  little  doubt- 
ful of  their  attitude  towards  us,  as  the  following  passage  from  an 
early  number  of  our  "  Proceedings  "  will  show,  the  occasion  being 
an  excursion  to  Watford  in  1875,  when  the  President  of  the 
Society,  Mr.  John  Evans,  as  he  then  was,  acted  as  Director  :  "  In 
proposing  a  vote  of  thanks  to  the  Directors,  Mr.  Lobley  reminded 
the  Members  that  that  was  the  first  occasion  on  which  they  had 
been  led  by  a  President  of  the  Geological  Society,  and  he  trusted 
that  this  might  be  taken  as  evidence  of  the  good  will  now 
existing  between  the  two   societies,  each  of  which  he  hoped  ^ 

would  continue  to  act  vigorously  in  its  own  way ;  the  Geological  ^ 

Society  promoting  the  advancement,  while  the  Geologists'  Asso-  

ciation  furthered  the  diffusion,  of  geological  knowledge."  • 

The  excellence  of  our  present  relations  can  best  be  illustrated  j^ 
by  the  frequency  of  the  interchange  of  officers  between  the  Society  -^^y 
and  the  Association.  From  1892  to  1902  five  consecutive  Presi-  — ^- 
dents  of  the  Society  had  previously  been,  or,  in  one  case,  afterwards  ^^Ms 
became,  Presidents  of  the  Association.  Mr.  Hudleston,  Dr.  Henry  -^  ^y 
Woodward,  the  late  Dr.  Hicks,  and  Dr.  Teall  had  all  served  us  first,  «^^ 
while  Mr.  Whitaker,  who  came  to  our  chair  straight  from  that  of^^i^of 
the  Society,  enjoys  the  unique  distinction  of  having  been,  for»'c:i>br 
exactly  a  fortnight.  President  of  both  bodies.  Two  of  our  Pre— ^^ -re- 
sidents, the  late  Professor  Wiltshire  and  Mr.  Monckton,  hav^-%^-.ve 
ser\'ed  the  Society  as  Treasurer,  and  five.  Professor  Wiltshire  ^^ Trie, 
Mr.  Hudleston,  Dr.  Hicks,  Dr.  Teall,  and  myself,  as  Secretaries^i^^.es. 
At  the  present  moment  Mr.  Monckton  and  Professor  Garwooo  <=>  #od 
are  doubling  the  offices  respectively  of  Treasurer  and  Secretary  oc^  ^  of 
the  Society  with  those  of  Editor  and  Librarian  of  the  Associss^ nida- 
tion, just  as  I  myself  did  for  some  time  the  office  of  Secretary  o  ^v  of 
the  Society  with  that  of  Treasurer  of  the  Association.  Yoc^^i^our 
newly-elected  President,  Professor  Watts,  still  remains  SecretaM-  g=s.3tary 
of  the  Society,  an  office  which  he  has  filled  for  many  years  wir^  T^«rith 
conspicuous  ability. 

The  CouNXiL  and  Officers. 

As  I  have  already  pointed  out,  the  management  of  the  Soci^  m  rriety 
was,  till  1 8 10,  in  the  hands  of  a  committee,  called  the  Commitr  .^'^ttee 
of  Trustees.  It  consisted  at  first  of  eight,  and  afterwards  of  t»-^  ten, 
persons.  The  first  Council,  in  1810,  was  twenty-one  in  numhz^ -«iber, 
but  from  1S12  to  1822  there  were  two  Treasurers,  and  from  i^^  imSjj 
to  1827  three  Secretaries  (besides  the  Foreign  Secretary),  and  -^  the 
number  of  the  Council  varied  accordingly.     Since  1826  it  -  has 

been    twenty-three,  as   fixed   by  the  Charter;    and,  though  -1  the 

Charter  allows  an  indefinite  number  of  Vice-Presidents,  TreasucB'  -infers, 
and  Secretiries  provided  the  prescribed  number  of  the  Councr^  Jicil  is 
not  exceeded,  in  practice  the  numbers  have  almost  always  beer^  ^  nthe 

*  Proc.  Gcol  Assoc,  vol.  Iv,  p.  2S5, 
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same— namely,  four  Vice-Presidents,  one  Treasurer,  and  three 
Secretaries^  of  whom  the  Foreign  Sccretar)-  is  one,  the  only 
exceptions  being  1S26,  when  there  were  three  Secretaries  besides 
the  Foreign  Secretary,  and  1S45,  when  there  was  only  one,* 

Mr.  H.  B.  Woodward,  in  his  Histor)%  has  printed  a  complete  list 
of  the  members  of  the  Council   (including  the  Committee  of 
Trustees),  and  in  this  list  will  be  found  the  names  of  most  of  the 
distinguished  geologists  of  the  last  hundred  years.     Others  have 
been  chosen  for  their  knowledge  of  business  matters,  or  for  their 
special  interest  in  the  Society.     Many  names  iKxur  of  i)ersons 
who  have  attained  celebrity  outside  tl»e  walls  of  the  Society,  such 
as  Darwin,  Davy,  Faraday,  Sir  Joseph  Hooker,  Huxley,  Owen,  and 
Wollaston,  among  scientific  men  ;  Sir  John  Herschel  and  l^ord 
Rosse,  the  astronomers;    Decimus  Burton,  the  architeit,    and 
James  Fergusson,  the  historian  of  architecture  ;   Chantrey,  the 
sculptor  :   John  and  George  Rennie,   the  engineers  ;   Sir   John 
Franklin,  the  Arctic  explorer  ;  Hallam,  the  historian ;  Whewell, 
the   versatile    Master  of    Trinity  ;    Samuel   Wilberforce.  Bishop 
of  Oxford,  and  afterwards  of  Winchester;  and  the  lale  Duke  of 
Argyll,  so  often  a  Cabinet  Minister.     It  is  interesting  to  note  that, 
of  the  thirteen  Founders,  all  but  Knight  ser\'ed  on  the  Committee  of 
Trustees  or  the  Council,  two  of  them — Greenough  ami  Bubington 
—being    Presidents.      Greenough,    indeed,    was   never    off    the 
Council,  serving  till  his  death,  in   1855,  a  i)eriod  of   nearly  48 
years,   which    is   the    longest    continuous     period    to     anyone*s 
credit.     In  actual  length  of  ser\'ice  he  was  eclipsed  by  Lyell,  who 
ser\*ed  49  years,  but  this  was  in  four  terms  with  one  year  interval 
between  each,  the  longest  being  23.     He  was  a  Fellow  for  56  years. 
Murchison  served  on  the  Council  42  years,  in  two  terms  ol  37 
^nd  5,  with  one  year's  interval,  while  Sir  John  ICvans  has  rompleted 
41  years  in  four  terms.     In  contrast  to  (ireenough's  single  term  of 
4.8  years  is  Sir  Philip  Egerton's  40  years,  in  eight  terms  covering  a 
period  of  50  years,  during  which  time  he  was  never  more  than 
three   off  the  Council ;    he  was  52   years  a    Fellow,  and  was 
tnore  frequently  re-elected  to  the  Council  than  anyone  else,  the 
nearest  to  him  in  this  respect  being  his  friend  and  coworker  in 
the  fossil  fishes,  Lord  Cole,  afterwards  ICarl  of  ICnniskillen,  who 
Had  seven  terms,  but  his  total  years  of  service  only  come  to  14. 
C^odwin  Austen,  l)aul>eny,  Prcstwich,  and  Dr.  Henry  Woodward, 
liave  six  terms  each  to  their  credit,  with  aggregates  of  28,  11,  30, 
^nd  26  years  resp)ectively.     Other  long  services,  ihougli  not  con- 
tinuous, have  been  Leonard  Horner  and  Sir  Warington  Smyth  36 
^ears,  W.  J.  Hamilton  34,  Warlmrton  31,  Wiltshire  30,  J.  Taylor 
39,  Buckland  27,  and  Professor  Bonney,  Professor  judtl,  Ramsay, 
suid  Carrick  Moore  26  each. 

•  In  May.  1854.  Edward  Forl>os  roslsncd  the  Prosldrncy  on  being  appnint«Ml  I'rolcsHor 
^  Edinburgh  L'nlveraJty,  and  W.  J.  Ilanillton.  who  w.i.n  on«»  of  ihf  Sfcrft.»rli»s,  waa 
^ftlected  President  at  a  Special  Gonenil  Me<;tinK.  but  thr  vacant  secretaryship  was  not 
filled  up,  though  the  duties  were  undertaken  by  Prestwlch. 
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Hamilton's  is  a  really  remarkable  record.     He  was  a  Fellow 
36  years,  during  which  time  he  was  on  the  Council  34,  and 
in  office  3 1  !     He  was  twice  President,  three  times  Secretary,  in 
all  for  21 J  years  (i6j  being  consecutive),  and  for  six  years  he  was 
Foreign  Secretary.  He  became  Secretary  the  year  after  his  election  as 
a  Fellow,  and  after  that  was  only  one  year  off  the  Council  till  his 
death.     Curiously  enough  he  was  never  a  Vice-President,  the  only 
other  President  who  has  not  served  as  Vice  being  the  Duke  of 
Argyll.     Hamilton  really  had  no  opportunity,  for  he  was  always 
serving  in  some  other  capacity,  except  the  years  immediately 
following    his    two     Presidential     terms,     in     which    it    was 
then  customary  not  to  call  on  the  ex-Presidents  to  take  up  any 
work.     Hamilton's  is  the  only  case  of  a  President  afterwards 
taking  the    office  of  Secretary.     He  also  set  the  precedent  of 
taking  up  the  Foreign  Secretary's  duties,  which  has  been  followed 
by  Smyth,  Hulke,  and  Sir  John  Evans  in  succession,  and  bids 
fair  to  become  an  established  custom.*     It  may  be  noted  that 
Dr.  Blanford  is  the  only  President  who  has  afterwards  served  as 
Treasurer. 

Other  long  periods  of  office  (excluding  the  Vice-Presidency) 
have  been  Sir  Warington  Smyth,  twenty- nine  years,  with  seventeen 
as  Foreign  Secretary,  the  longest  period  for  that  office ;  John 
Taylor,  twenty-five  years,  all  as  Treasurer,  in  two  terms  of  five,  and 
twenty  years,  the  latter  being  not  only  the  longest  Treasurersbipi 
but  the  longest  continuous  period  of  being  in  office ;  Sir  John 
Evans,  twenty-three  years ;  Wiltshire,  seventeen  years ;  Blanford, 
sixteen  and  a-half  years  ;  and  Prestwich  and  De  la  Beche,  fifteen 
years  each. 

There  have  been  forty-three  Presidents,  forty-six  Secretaries, 
sixteen  Foreign  Secretaries,  and  fourteen  Treasurers.  Of 
the  Presidents,  Greenough  served  three  terms,  and  Buckland, 
Murchison,  Lyell,  Horner,  Hamilton,  and  Sir  A.  Geikie 
two  each.  Except  Greenough's  first  term,  which  extended 
over  five  and  a  quarter  years,  the  Presidency  has  never 
been  held  for  more  than  two  years  consecutively.  W.  Blak^ 
and  Bostock  each  served  one  year  only,  and  Edward  Forbes 
a  year  and  three  months,  resigning  on  being  appointed  to  the 
Professorial  Chair  at  Edinburgh  University,  making  Hamilton s 
first  Presidential  term  only  a  year  and  nine  months.  Daniel 
Sharpe  was  killed  by  a  fall  from  his  horse  only  a  few  months  aft^ 
taking  up  office.  Colonel  Portlock,  his  successor,  who  was  elected 
in  June,  having  his  term  proportionately  shortened.  No  other 
case  has  occurred  of  the  death  of  a  President  during  office. 

I  have  sometimes  heard  it  said  that  Edward  Forbes  was  the 
youngest  President.  He  was  38,  but  Greenough,  the  ^^ 
President,   was  only   29,   and   very  close  to  him  comes  L<^^ 

•  sir  Archibald  Geikie.  the  retiring  President,  has  just  been  elected  Foreign  Seeteon 
in  succession  to  Sir  John  Evans,  Feb.  aist,  zgob. 
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pton  (afterwards  Marquis  of  Northampton),  who  was  30 
he  assumed  office.  The  Hon.  Henry  Bennet,  the  second 
dent,  was  36,  Lyell  38,  and  Murchison  39.     Since  Forbes's 

0  President  has  been  elected  under  50,  with  the  exception 
'.  Marr,  who  was  47.  Two  Presidents,  Lord  Compton  and 
py,  subsequently  became  Presidents  of  the  Royal  Society, 
it  may  be  noted  that  five  other  Presidents  of  the  Royal 
ty  have  served  on  the  Geological  Society's  Council,  namely, 
lumphry  Davy  (on  the  Committee  of  Trustees),  Davies 
rt.  Lord  Rosse,  Sir  Edward  Sabine,  and  Sir  Joseph  Hooker, 
lese  only  Lord  Northampton  and  Davies  Gilbert  were 
lly  on  the  Council  during  their  period  of  Presidency  of  the 

1  Society. 

f  the  Secretaries  Hamilton  served  three  times,  and 
lison,  Godwin  Austen,  and  J.  Carrick  Moore  twice  each. 

to  Hamilton,   for  length,   come   Warington  Smyth,    Dr. 

and  Prof.  Watts,*  who  have  each  held  office  ten  years. 

1810  there  have  always  been  (except  in  1845)  at  least 
Secretaries,  and  as  in  these  days  nobody  is  of  any  im- 
ice  who  has  not  a  "  record  "  of  some  kind  to  his  name,  I 
«rhaps  be  pardoned  for  mentioning  that  the  longest  period 
nt  Secretar>'ship,  namely,  seven  years,  is  shared  between 
(ton  and  Carrick  Moore  from  18461  to  1853,  and  Professor 
and  myself  from  1898  to  1905.  The  next  longest  was  that 
fessors  Bonney  and  Judd,  lasting  six  years. 
;xt  to  Smyth  in  length  of  service  as  Foreign  Secretary  comes 
bn  Evans,  J  who  has  served  thirteen  years.     De  la  Beche 

twelve  years  and  Heuland  ten. 

ter  Taylor,  of  the  Treasurers,  comes  Gwyn  Jeffreys  with 
m  years,  then  Wiltshire  with  thirteen,  Prestwich  with  twelve, 
lanford  with  ten  and  a-half.  As  has  already  been  said,  there 
It  one  time  two  Treasurers,  Daniel  Moore  and  Taylor 
g  office  together  for  the  i\\'e  years  comprising  the  latter's 
rm.  It  is  a  curious  fact  that  in  1822,  when  it  was  decided 
ace  the  number  of  Treasurers  from  two  to  one,  no  one  was 
willing  to  undertake  the  office,  which  remained  vacant  for 
r,  the  banker  of  the  Society  apparently  performing  the 
.  In  1823  Mr.  Taylor  resumed  office,  and,  as  we  have  seen, 
large  of  the  finances  for  the  next  twenty  years.  On  the  death 

successor,  Mr.  J.  L.  Prevost,  in  November,  1852,  the  post 
led  vacant  till  the  annual  meeting  in  February,  Leonard 
ir  in  the  mean  time  discharging  the  duties, 
word  should  be  said  about  the  permanent  officials,  of  whom 
i^oodward  gives  a  list  in  the  appendix  to  his  book,  a  list  of 

>t  Watts  has  since  been  re-elected  at  the  Annual  Meeting,  February  21st,  igoS. 
the  list  of  Secretaries  in  the  History  of  the  Geological  Society,  and  in  the 
^  Lists  of  Members,  J.  Carrick  Moore  is  erroneously  stated  to  nave  become 
ry  in  1843,  instead  of  1846. 
'  John  Evans  retired  from  the  office  at  the  Annual  Meeting,  February  2zst,  1908. 

Geol.  Assoc,  Vol.  XX,  Part  5,  1908.]  26 
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which  any  society  might  be  proud.     They  include  Webst:^^' 
Lonsdale,  Searles  Wood,  sen.,  S.  P.  Woodward,  Edward  Yoxb^^ 
Ansted,  J.  de  C.  Sowerby,  Nicol,  Professor  Rupert  Jones,  H.  ^^' 
Jenkins,   and   Dallas.      Several  of  these  were   Fellows  of  t:  J^ 
Society,  and  Webster,  during  part  of  the  time,  served  on  t-"*^^ 
Council  as  Secretary.     It  may  be  noted  that  Forbes  was  aft^^^^* 
wards  President,  Ansted  Foreign  Secretary,  Lonsdale  and  SearBL  ^^ 
Wood  had  the  Wollaston,  and  Professor  Rupert  Jones  the  Ly  -^^^^ 
Medal.      It  would  be  out  of  place  to  speak  of  the  preset  ^^^ 
Assistant-Secretary  and  his  staff,  further  than  to  say  that  tk- 
worthily  uphold  the  great  traditions  that  have  been  handed  do^ 
to  them. 

The  total  number  of  Members  and  Fellows  who  have  senr-' 
on  the  Council  or  Committee  of  Trustees  is  303,  and, 
according  to  Mr.  Woodward,  the  number  elected  from  tz^^K^e 
foundation  of  the  Society  to  the  end  of  1906  was  4,603,  it  will  "^^ 
seen  that  only  about  six  and  a  half  per  cent,  of  the  Fellows  ^^■■-"^'e 
the  prospect  of  a  seat  on  the  Council. 


The  Medals  and  Funds. 

The  Council  not  only  manage  the  affau^  of  the  Society,    ^*:^iit 
they  also  act  as  Trustees  of  the  various  Funds  which  have  t*  d-'^n 
given  or  bequeathed  to  the  Society  from  time  to  time,  an^ci.     I 
think  it  is  universally  admitted  that  they  perform  this  respons:^  t»fe 
task  with  great  care  and  judgment.     There  are  five  medals :     *Jw 
Wollaston,  the  Murchison,  the  Lyell,  the  Bigsby,  and  the  Pk"^^^^* 
wich,  to  each  of  which,  except  the  Bigsby,  a  fund  is  attached,  ^lm^ 
there  are  also  two  Funds,  which  have  no  medals,  the  Barlo^^* 
Jameson  and  the  Daniel  Pidgeon. 

Of  these,  the  Wollaston  Medal,  founded  in  1828  by  the   S^!^ 
of  Dr.  William  Hyde  Wollaston  a  few  days  before  his  deatl>»   ^^ 
recognised  as  the  highest  honour  which  the  Council  can  cotif^> 
and  for  some  forty  years  it  stood  alone.     It  will  be  noted  that  th^ 
founder's  letter  refers  to  "  researches  concerning  the  mineral  struc- 
ture of  the  earth,"  and  it  must  be  remembered  that  Wollaston  ^^^ 
a  mineralogist.     The  widest  possible  interpretation  has,  howevt^» 
been  put  on  the  words,  and  every  branch  of  the  science  is  rep'*' 
sented  among  the  recipients  of  the  medal,  the  Council  having 
decided  almost  from  the   first  that  palaeontologists  should    ^ 
admitted.     The  first  medallist  was,  most  fittingly,  William  Stoitth 
and  it  was  on  the  occasion  of  conferring  it  on  him  that  Sedg^^* 
hailed  him  as  the  "  Father  of  English  geology." 

The  Murchison  and  Lyell  Medals  and  Funds,  founded  by  th^ 
respective  wills  of  Sir  Roderick  Murchison  in  1871,  and  ^Jj^ 
Charles  Lyell  in  1875,  are  somewhat  alike  in  scope,  the  ^7^1 
being  the  more  richly  endowed.     Both  are  awarded  annually,  a^^ 
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°    each  case    a  portion  of   the   Fund   must  accompany  the 
«fedal. 

The  Bigsby  Medal,  given  biennially,  was  founded  by  the  gift 
f  T>r.  J.  J.  Bigsby  in  1877.  The  recipients  must  not  have 
asse<i  Aeir  forty-sixth  birthday,  and  the  founder  quaintly  added 
^e  reason  for  this  limitation  that  the  medallist  is  "probably 
^t    too  old  for  further  work,  and  not  too  young  to  have  done 

The  Prestwich  Medal  was  founded  in   1896  by  the  will  of 

^^  Joseph  Prestwich,  but  the  legacy  was  subject  to  the  life  of 

ady  Prestwich,  and  did  not  fall  into  possession  till  1900.     This 

^o  be  given  triennially,  and  the  whole  of  the  income  of  the 

^^d  is  to  accompany  the  medal. 

The  Barlow- Jameson  Fund,  founded  in  1876  by  the  will  of  Dr. 
^-  C  Barlow  in  memory  of  his  early  teacher,  Robert  Jameson,  is  a 
'^^st  useful  one,  as  it  is  left  to  the  unfettered  discretion  of  the 
^uncil  how  it  is  to  be  applied,  provided  it  is  for  the  advance- 
ment of  Geological  Science.* 

The  Daniel  Pidgeon  Fund  has  also  proved  very  useful.  It 
^  founded  in  1902  by  Mrs.  Pidgeon  in  deference  to  the  wishes 
^  Her  husband,  Daniel  Pidgeon,  who  died  in  1900,  as  expressed 
^  His  will.  His  desire  was  to  establish  an  annual  grant  for  the 
'^onciotion  of  Geological  Original  Research,  with  a  limitation  of 
je  age  of  the  grantees  to  28.  After  much  consideration  the 
•^Unal  decided  to  use  it  as  a  kind  of  studentship,  to  be  given 
I*  the  summer  on  an  undertaking  by  the  grantee  to  do  some 
^finite  piece  of  work.  Recommendations  of  candidates  for 
'^^  grant  are  invited  each  year  from  various  teaching  bodies. 

I  believe  I  am  right  in  saying  that  the  Council  of  the  Society 

*^     not  desire    any    more   Medals.      The    Medals   are    justly 

^nsidered  as  marks  of  great  distinction,  but  if  there  are  too 

^^riy  the  prestige  attaching  to  them  must  be  diminished,  and  it 

^J^t  become  more  difficult  year  by  year  to  find  fitting  recipients. 

**^^re  cannot,   however,  be  too   many   Funds,  and  the  fewer 

^^ditions  or  restrictions  attaching  to  them  the  better.   Geologists 

?^  51  rule  are  not  blessed  with  long  purses,  and  cases  may  not 

j'^rrequently   occur  where  they  are   much   hampered   in    their 

"^^^stigations  by  the  want  of  just  such  a  sum  as  one  of  the  Funds 

^^  the  disposal  of  the  Council  would  supply.     What  is  really 

^^-^ted  is  the  creation  of  a  sort  of  general  fund  which  could  be 

^?^<i  for  any  purpose,  as  and  when  it  may  be  required  at  the 

"^^^^etion  of  the  Council.      It  is  worthy  of  notice  that  Wollaston 

^^Ois  to    have    had  this   idea  in    his    mind.      In   his  letter 

^^noiincing  the  gift  nothing  is  said  about  a  medal,  and  he 

^J^cularly  requests  the  Society  to  entitle  the  Fund  "  TAe  Donation 

'™'»<*'  not  "  The  Wollaston  Fund  " ;  and  he  goes  on  to  express 

xu^J^^  Council  have  Uiis  year  made  a  grant  from  this  Fund  towards  the  purchase- 
tCote  ^  '^  "  0^7^^^^^®^    o"  Marlborough  Downs,  to  rescue  which  from  destruction 
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The  Future  of  the  Society. 

I  have  now  dealt  with  the  past  history  of  the  Society,  and  said 
something  of  its  present  state.     The  question  naturally  arises, 
^Vhat  of  3ie  future  ?     In  the  next  hundred  years  will  there  be  the 
"^i^ork  to  do,  and  will  there  be  the  men  to  do  it  ? 

As  to  the  work,  it  will  no  doubt  seem  to  some  that  the  vast 

^amount  of  work  done  by  the  enthusiasts  of  the  middle  fifty  years 

^of  the  last  century  has  left  little  to  be  done  by  those  who  follow. 

^Such  views  are  negatived  by  the  past  experiences  of  every  science, 

<s^nd  are  the  expressions  either  of  a  timidity  which  shrinks  from 

.^attacking  the  problems  waiting  to  be  faced,  or  of  an  inertia  that 

:^cefuses  to  recognise  their  existence.    It  must  be  remembered  that 

"Khe  early  workers  were  pioneers,  and  that  much  of  their  work,  great 

^Eis  it  was,  requires  revision  in  the   light  of  recent  advances  in 

;^>etrology  and  palaeontology.     These  subjects  again  require  highly 

^^:rained  specialists  to  keep  on  adding  to  the  knowledge  gained 

t>y  the  earlier  workers  in  the  same  fields. 

As   to  the  men,   who  will  doubt  that  they  will   be  forth- 

^zzoming?      We  are  apt  to  look  on  those  of  the  early  days  as 

^^ants.     There  is  a  glamour  about  the  names  and  achievements  of 

^^reenough  and  William  Phillips,  Conybeare  and  Buckland,  Fitton 

sand   Lyell,  Sedgwick  and  Murchison,  Macculloch  and  Webster, 

^lantell  and  Lonsdale,  De  la  Beche  and  John  Phillips,  Horner 

<s:&nd   ScTope.     The  men  of  the  middle  period,  though  still  great, 

^eem    of  smaller  proportions   than   their   predecessors,   perhaps 

iDecause  we  have  ourselves  seen  some  of  them  in  their  later  days. 

Such  are  Edward  and  David  P'orbes,  Godwin  Austen  and  Ramsay, 

^Dwen  and  Huxley,  Daubeny  and  Hopkins,  Prestwich  and  Waring- 

^on  Smyth,  Egerton  and  Enniskillen,  Nicol  and  Jukes,  Harkness 

^nd   Nicholson,  Aveline  and  Selwyn,  Searles  Wood  and  Morris, 

Ifilanford  and  Hicks.     Some  there  are  who,  happily  still  with  us, 

Knake  a  bridge  from  that  time  to  this.     The  veteran  ex- Presidents, 

Dr.  Sorby  and  Sir  John  Evans  have  already  shown  this  session  that 

^heir  work  is  not  done,*  while  Sir  Archibald  Geikie,  to  whose 

^activity  the  success  of  the  Centenary  celebrations  was  largely  due, 

mnight  very  well  take  for  his  motto  the  quaint  phrase  of  Bigsby, 

^>mitting  only  the  age  so  arbitrarily  laid  down.      The  men  of  our 

^Dwn  day  we  see  in  like  semblance  with  ourselves,  and  it  will  be  for 

"^hose  who  live  a  hundred  years  hence  to  compare  their  work  with 

^hat  of  the  giants  of  old.     Our  generation  need  not  fear  when 

'^ve  are  able  to  show  such  men  as  Bonncy  and  J  add,  Geikie  and 

iludleston,   Henry  Woodward  and  Whitaker,  Teall  and   Marr, 

X^pworth  and  .Sollasf,  to   descend   no    lower  than  the  rank   of 

•  At  the  met'tInK  <^»f  thf  Su  iety  on  n.rf»ml>LT  iMh.  lOC  Sir  John  l^vnn^  r-a-I  a  p.iprr 
^::*n  "  Some  Recent  Discoveries  of  FaKu  lithic  IinpK  imnts  "  ;  and  on  J  aimiry  Sili,  ly  »S, 
^JSielate  Dr.  Sorby  read  a  piper  *' On  ihe  Application  of  (Jaantitativo  Methods  to  the 
^^tudjr  of  the  Structure  and  History  of  Rocks."    See  footnote  p.  36^. 

\  Krofeasor  SoiUs  was  elected  Prcsldjut  at  th-j  Annual  Mjetiog  on  February  21st, 
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President.     We  have  only  got  to  look  round  at  the  younger  mep 
at  the  Society's  meetings  or  on  our  own  excursions,  to  read  then 
contributions  to  the  Quarterly  Journal  and  other  publications  (no^ 
forgetting  our  own  Proceedings),  to  note  the  increased  interest 
taken  in  geology  at  all  our  centres  of  education,  and  we  shall  ^^ 
certain  that  the  hope,  adapted  from  the  old  "  Bidding  Piayei'f 
with  which  our  address  to  the  Society  concluded,  will  be  fu^W 
realised,  "  that  there  may  never  be  wanting  in  the  future  atrsda    ^ 
worthy  successors  to  that  long  line  of  distinguished  men  who^^ 
names  have  adorned  your  roll  of  Fellows  in  the  past,  the  o^*^ 
object  of  whose  scientific  work  has  been  the  Elucidation  of  C-B^e 
Truth." 

The  Centenary  Celebrations. 

I  will  now  conclude  with  a  few  words  describing  the  eve^:^^^ 
connected  with  the  celebration  of  the  Centenary.  This  ^^^^ 
fixed  for  convenience  in  September,  ajid  on  the  morning  of  tl** 
26th  of  that  month  I,  as  your  delegate,  attended  the  meetijr»^ 
which  was  held  at  the  rooms  of  the  Institution  of  C*''^* 
Engineers,  those  of  the  Society  being  quite  inadequate  to  h^:^^^ 


the  great  number  who  were  present.     This  meeting,  which 
the  real  act  of  celebration,  was  for  the  purpose  of  receiving  'tl*^ 
congratulations  of  the  delegates  from  our  own  country  and  ^'^^^^^ 
all  parts  of  the  world.     Not  only  were  practically  all  civili^^^ 
countries    represented,    but    a    great    variety    of    Universiti^^^ 
Scientific  Institutions,  and  Surveys,  with  of  course  a  preponci^^^' 
ance  of  those  dealing  with  geological  subjects.     The  delegsi-'^^^ 
approached  the  President  in  groups  of  countries,   each  gr^z^"*-^? 
having  its  own  spokesman.     After  he  had  delivered  his  spe^^^^' 
which   had    to    be    strictly    limited    as    to    length,   his    fell^^* 
countrymen     presented    their     addresses    and    made    way        ^^^ 
the    next    group.      The    English   delegates   were   divided    i«'^^° 
two  batches,   the  first   representing  the  Universities  and  otj^^ 
teaching   institutions,   and   the   second  the  Scientific  Societi-^^ 
The  one  was  headed  by  the  Universities  of  Oxford  and  C^^-'^' 
bridge,  represented  by  Professors  Sollas  and  Hughes,  the  otti^f 
by  the  Royal  Society,   for  whom  their  Treasurer,  Mr.  Kecx^  'S^ 
was   the   spokesman.      The   seating  and  ordering    of  all  ttm^^ 
groups   of  deputations  was  so  perfectly  arranged  that  the    l>'^ 
ceedings  went  off  without  a  hitch,  and  the  ceremony  was      &^^ 
through  in  very  good  time.      We  reassembled  in  the  aftem^>^" 
to  hear  the  President's    interesting   address  on  "The  Stat^     ^J 
Geology  at  the  time  of  the  Foundation  of  the  Geological  Soci^^^- 
In  the   evening  the  event  was  still  further  celebrated    s^^  ^ 
dinner  in    the   Whitehall    Rooms,   at   which   nearly   300    -v^^^ 
present,  and  it  may  be  noted  that  this  dinner  was  graced  by    *^^ 
presence  of  ladies.     Next  day  was  occupied  by  visits  to  musetiflJ^ 
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Dther  places  of  public  interest,  and  in  the  evening  there  was 
l-attended  soiree  at  the  Natural  History  Museum.  Saturday, 
8th,  was  devoted  to  excursions,  there  being  several  of  these 
ti  easy  reach  of  London.  The  one  to  Reading,  organised 
e  Geologists'  Association,  was  very  well  attended,  and  quite 
opolitan  in  character.  So  far  as  the  Society  is  concerned 
wrought  the  celebrations  to  an  end,  but  they  were  continued 
week  at  Oxford  and  Cambridge,  each  of  which  University 

conferring  honorary  degrees  on  some  of  the  more 
iguished  of  the  foreign  guests.  I  was  fortunate  enough  to 
^e  an  invitation  to  Cambridge,  and  besides  seeing  the  degrees 
Tied,  I  was  most  hospitably  entertained  by  Professor  and  Mrs. 
les  at  a  soiree  in  the  Sedgwick  Museum,  and  by  the  Master 
Fellows  of  St.  John's  (that  nursery  of  geologists)  at  a 
uet  in  their  beautiful  hall.     Those  who  went  to  Oxford 

I  need  hardly  say,  made  equally  welcome. 
Ihai  struck  everyone  who  attended  the  celebrations,  was  the 
ctly  smooth  way  in  which  all  the  arrangements  worked. 
f  detail  seemed  to  have  been  carefully  thought  out,  and 
ng  was  left  to  chance.  All  this  meant  months  of  work, 
ng  the  preliminaries,  sending  out  the  invitations,  recording  and 
ig  tlie  acceptances,  providing  a  place  of  meeting,  planning  the 
jdure  at  the  reception  of  delegates,  organising  the  excursions 
nuseum  visits,  fitting  up  the  Society's  ropms  for  the  reception 
s  guests,  and  arranging  for  the  dinner  and  soirde. 
or  ensuring  this  satisfactory  result  we  are  indebted  in  the 
place  to  the  Council,  but  more  particularly  to  the  organising 
nittee,  with  the  President  at  its  head,  and  we  must  not  forget 
ihare  of  the  permanent  staff.  Where  all  worked  so  well  it 
d  be  invidious  to  particularise,  but  I  believe  I  am  right  in  saying 
after  the  President,  to  whose  energy  and  power  of  attraction 
jesLi  success  of  the  gathering  was  mainly  due,  the  chief  burden 
m  Mr.  Rudler  (who  was  responsible  for  the  transformation  of 
Society's  apartments  into  a  series  of  reception  rooms),  and  the 
etaries,  Professor  Garwood  (who  had  charge  of  the  arrangements 
he  dinner  and  soiree),  and  Professor  Watts.  It  is  to  the  last- 
ed that  the  perfect  organisation  of  the  great  delegates'  meeting 
due,  and  no  one  can  really  know  what  an  amount  of  thought 
actual  hard  work  was  involved  in  bringing  this  about.  The 
It,  however,  was  a  veritable  triumph,  and  Professor  Watts 
t  have  reaped  his  reward  in  the  congratulations  he  received. 


Professor  Watts  is,  as  you  know,  your  President-elect,  and  he 
)e  whom  I  can  recommend  as  my  successor  with  the  utmost 
idence.  I  know  him  well ;  in  an  official  character  perhaps 
^  than   anyone    else,    for    we   worked    together    as  joint 
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Secretaries  of  the  Society  for  the  long  period  of  seven  ye»r*> 
during  which  we  never  had  the  shadow  of  a  difference.    More- 
over, he  is  no  stranger  to  you,  having  served  on  the  Coui^<^ 
more  than  once,  and  having  often  acted  as  your  leader  on  exc*^^* 
sions.     I  feel,  therefore,  that  in  resigning  the  Presidency  to  hi"*^^ 
I  am  placing  it  in  safe  hands.  ^ 

I  have  only  now  to  thank  you  for  the  attention  with  whi<^ 
you  have  listened  to  me  this  evening,  and  for  the  uniform  kiac:"*'^* 
ness  which  you  have  extended  to  me  throughout  the  two  yp^a-*^ 
during  which  I  have  had  the  honour  to  preside  at  yoiir  meetiKT^fi? 
and  excursions.     In  return,  I  have  tried  to  carry  out  the  duli::^*^^^ 
of  the  office  to  the  best  of  my  ability.     The  time  has  been       "^^\ 
me  a  very  happy  one,  and  has  passed  all  too  quickly,  but  as        ^^ 
good  things  must  have  an  end  it  only  remains  for  me  to  "  "'V 

Farewell,  and  call  my  successor  to  the  Chair. 


ORDINARY  MEETING. 

Friday,  November  ist,  1907. 

R,  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  :  Al 
Arthur  Atkins,  Professor  W.  S.  Boulton,  B.Sc,  A.R.C.S.,  F.' 
Henry  Hargrave  Fawcett,  M.  Odling,  Alfred  Ernest  Snape,  M- 
A.M.LC.E.,  Sidney  Herbert  Snell,  M.D.,  B.S.,  M.R.C.S. 

The  President  stated  that  he  had  attended  the  celebratio' 
the  centenary  of  The  Geological  Society  on  September  26th, 
had  presented  an  illuminated  address  on  behalf  of  the  Assc 
tion,  which,  by  the  courtesy  of  the  Council  of  the  Society,  he 
able  to  exhibit  that  evening.     The  text  of  the  address  wai 
follows  : 

"  To    THE    President,    Council,     and    Fellows    of 
Geological  Society  of  London  : 

"  We,  the  Members  of  The  Geologists*  Association,  desir'^^  .j 
offer  our  most  cordial  congratulations  to  the  President,  Coui  ^'^  ^  ' 
and  Fellows  of  the  Geological  Society  of  London  on  the  ^^^^^ 
pletion  of  the  Hundredth  Year  of  the  existence  of  the  distinguls^^^ 
Society  to  which  you  belong. 

**  We  recall  with  pride  and  admiration  the  stand  made  by     *^r 
Society  during  the  early  years  of  its  existence,  which  resulted      ^" 
securing  for  Geology  an  independent  pDsition  among  the  Scien^^^^» 
and   we  recognise  with   gratitude  that   while  at  that  time    ^^^ 
Society  refused  to  accept  a  subordinate  position,  so  in  after  /^^srs 
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ic  who  directed  its  counsels  never  set  themselves  against  the 

lation   of  other  bodies   proposing  to  investigate   the  same 

nee. 

'*  Thus  it  comes  about  that  there  are  to-diy  a  large  num- 

of  Societies  in  this  Country,  the  Colonies  and  abroad,  our 

Association  being  one  of  them,  whose  aim  is  the  study  of 
'^gy»  and  who  now  unite  in  doing  homage  to  The  Geological 
ety  of  London  as  to  the  mother  of  them  all.  It  is  our 
STC  hope  that  your  great  Society  may  long  continue  to 
"ish,  and  that  there  may  never  be  wanting  in  the  future  a 
I    of  worthy   successors  to   that  long  line  of  distinguished 

whose  names  have  adorned  your  roll  of  Fellows  in  the  past, 
:>ne  object  of  whbse  scientific  work  has  been  the  Elucidation 
I  e  Truth. 

*  Signed  on  behalf  of  the  Geologists*  Association, 

"Robert  S.  Herries,  President. 
"  George  W.  Young,  )  q^^^^.^-^^ 
"Alfred  C.  Young!  jS^'^^^*^"'^- 

*  September  26th,  1907." 

The  meeting  then  resolved  into  a  conversazione.     The  follow- 
s  a  list  of  the  exhibitors  and  their  exhibits  : 

J*KESIDENT  :  The  Address  presented  on  behalf  of  the  Association  to  the 
Geological  Society  at  the  recent  Centenary  Gathering. 
Vorkshire  Jurassic  Belemnites. 

Director  of  the  Geological  Survey:  A  selection  of  Maps  and 
Memoirs  published  by  the  Geological  Survey  during  the  past  year. 
cj.  Abbott  :  Concretionary  forms  of  Silica  (Beekite,  etc.)  from  Torquay. 

Bennett  :  Micro-implements  from  Glacial  Drift. 
,  Brown  :  Chalk  fossils  from  Sutton,  Harefield,  and  VVoburn,  Bucks. 
r.  Chandler  :  Igneous  Rocks,  Rhaxella  Chert,  and  other  erratics  from 
Dartford  Heath. 

.  Chatwin  and  T.  H.  WITHERS  :  Chalk  fossils,  including  a  very  fine 
specimen  of  Micraster  cor-hovis  from  Oxfordshire. 

»   M.   C.    Crosfieli)  :    Trilobites    and     Brachiopods   from  the   Dufton 
Shales,  Pusgill,  Westmorland  ;  Nummulites  from  near  the  Pyramids  of 
Gizeh  ;  and  rock  specimens  from  Nubia  and  the  Sudan. 
i.  Diblev  :  Chalk   Fossils.     A  large  Gasteropod   from  R.  cuvitn'-zone, 
probably  allied  to  Nalica  gauUina  ;  a  species  ol  Loricula^  a  large  and  rare 
cirripede,  from  Cuxton  ;  a  set  of  thirty-six  associated  teeth  of  Ptychodus 
mammtliaris  from   7".  gracilis-zon^^  Cuxton  ;   another   set   (lent    by  Mr. 
G.  Bishop)  of  P.  decurrens  from  the  H.  suhghhosus-zonG,  Merstham. 
OUIS  FoiTCAR  :  Fossil  wood  (silicified)  from  the  Selbornian  of  S.K.  Devon  ; 
Tertiary  (Thanet  Sand,  etc.)  Fossils  from  well-borings  in  S.W.  Essex. 
ES  Francis  :   BeUmnites^  Ammonites,  and   Plant-remains   from  Jurassic 

rocks. 

/.  Garnham  :  A  collection  of  carve  J  Jade. 
iossLlNG  :  Ptychodus  Teeth,  from  Chalk  near  Croydon. 
'IELD  Green  :  Specimens  of  Cornish  rocks. 
^  (JRIST  :    Eoliths   from    the    EUphas   mtridionalis   gravels  of   Dewlish, 

Dorset ;   and  a  similar  implement  from  ihc  Palaeolithic  gravels  of   the 

Hrome  valley. 

K  Gwinnell  :  Rock-forming  minerals  and  crystalline  rock-specimens 

from  the  Alps,  the  Highlands,  etc. 
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J.  HOPKINSON  :  Copy  of   the    Ray  Society's  Address  to   the  Geolopc*^ 

Society. 
E.  Howard  Adye  :  Pctrological  Microscope  and  Rock-sections. 
Miss  M.  S.  Johnston  :  Axe  heads  and  a  few  specimens  from  New  Zcalin^ 
A.  E.  KiTSON  :  A  larjs:c  series  of  Lantern  Slides,  illustrating  Geology  a**** 

Physiography  of  Australia  and  New  Zealand. 
A.  L.  Leach  :  Geological  photographs  of  the  coast  near  Tenby. 
H.  W  MoNCKTON  :  Album  of  Geological  Photographs.  ^, 

E.  T.  Newton  (on  behalf  of  Miss  F.  R.  MiLBORN)  :  Hyhodus  from  Oxf-C*^ 

Clay  of  Peterborough. 
Miss  E.  Pearse  :  Specimens  of  rocks  from  Plymouth  District. 
A.  E.  Salter  :   Mineralogical  specimens  and  silici6ed  bones  from  BroJ^**^ 

Hill  mines  of  N.VV.  Rhodesia.  ^  . 

H.  C.  Sargent  :  Erratics  from  Crich,  Derbyshire,  and  photographs  of  Z^'^^^ 

quarry. 
C.  Davies  Sherborn  :  Geological  map  of  Armenia,  prepared  by  Dr.  F^^=^^* 

Oswald. 
R.  Tervet  :  Fossil  Fishes  from  Scotch  Oil-shales. 

F.  Ross  Thompson  :  Plant  Remains  from  the  Wealden. 

Ll.  Treacher  :  Photo-micrographs  of  Bryozoa  from  the  Faringdon  Spof^K^  K 
G^ravel  and  from  the  Chalk. 

E.  VVestlake  :  Cycle-camping  outfit,  suitable  for  field-geologists. 

H.  J.  Osborne  White  :  Japanese  scroll-print,  illustrating  the  mining  ^ 
metallurgy  of  gold  ;  Mammalian  bones  and  tufa-encrusted  flints  C"  ■«"« 
bed  of  Thames  near  Wargrave  ;  Eolith-like  flint  from  Norwich  Cra^^^^ 
Thorpe,  Norfolk  ;  Photos  of  N.  American  and  Tyrolean  Scenery. 

W.  Wright  :  Roughly-shaped  flint  implements  from  North  Downs  of  Su  ^■■c^ 

A.  C.  Young  :  Erratic  boulders  from  Crich. 

W.  Plomer  Young  :  Geological  lantern  slides. 


ORDINARY   MEETING. 

Friday,  December  6th,  1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  :  Y^rnest 
Howard  Adye,  Frederick  Brunskill,  B.A.,  B.Sc,  Miss  M. 
Cartwright,  Percy  Davis,  Edward  Percy  Field,  Fritz  Janchen, 
Henry  John  Jeffery,  A.R.C.S.,  Joseph  Jackson  Lister,  M.A., 
F.R.S.,  F.L.S.,  William  Mawby,  James  Morrison,  Roy  Wood- 
house  Pocock,  William  J.  Reynolds,  Frederick  John  Richards, 
Ivor  Thomas,  B.Sc,  Ph.D.,  William  Robert  Worthington 
Williams. 

The  President  called  attention  to  the  fact  that  the  Association 
had  since  its  last  meeting  entered  on  its  fiftieth  year.     He  briefly 
summarised  the  account  of  its  foundation   as  recorded  in  the 
Presidential  address  of  Professor   Rupert  Jones  for   1880.    It 
originated  from  a  meeting  on  November  17th,  1858,  of  three 
persons,  Mr.   J.  E.   Wakefield,   Mr.  J.   Slade,  and  Mr.  George 
Potter.     Of  these,  Mr.  Wakefield  had  for  some  years  ceased  to 
be  a  member,  and,  he  regretted  to  say,  died  in  1903.     Mr.  Slade 
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1  19059  but  Mr.  Potter  was  happily  still  with  us,  and  he  was 
3  see  him  present  that  evening.  This  was  followed  by  a 
ig  on  November  29th,  at  which  it  was  resolved  to  form  an 
ation,  and  a  provisional  committee  was  appointed.  Nov- 
29th,  1858,  therefore,  might,  he  thought,  be  taken  as  the 
hen  the  Association  came  into  existence,  though  the  first 
1  meeting  was  not  held  till  December  17th,  when  a  set  of 
ras  adopted  and  a  permanent  committee  appointed. 
e  following  lecture  was  then  delivered,  "Notes  on  the 
y  of  the  Tenby  District,"  with  special  reference  to  the 
liferous  Limestone,  by  Arthur  Leonard  Leach.  The 
was  illustrated  by  a  series  of  lantern  views  taken  by  Mr. 
Chandler  and  the  lecturer. 

e  President  moved  a  vote  of  thanks  to  Mr.  Leach  for  his 
ting  lecture;  Mr.  A.  C.  Young  spoke,  and  Mr.  Leach 
replied. 


ORDINARY     MEETING. 

Friday,  January  3RD,  1908. 

I.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

e  following  were  elected  members  of  the  Association : 
!)harles  Roger  Bower,  Charles  Ernest  Pelham  Brooks,  Miss 
Crawley,  B.Sc,  Wilmott  Henderson  Evans,  F.R.C.S.,  M.D., 
I  Richard  Farmery,  Geoffry  M.  Jackson,  George  Horace 
n,  F.C.S.,  Richard  Hill  Tiddeman,  M.A.,  F.G.S.,  C.  H. 
m.  Professor  William  Wright,  F.R.C.S.,  D.Sc,  F.L.S. 
e  following  paper  was  then  read,  "  On  the  Zones  of  the 
in  the  Thames  Valley  between  Goring  and  Shiplake,"  by 
s  P.  Chatwin  and  Thomas  H.  Withers.  The  paper  was 
ted  by  lantern  slides,  and  was  followed  by  an  animated 
;ion,  in  which  Dr.  Rowe,  Messrs.  E.  T.  Newton,  W. 
:er,  G.  W.  Young,  Llewellyn  Treacher,  G.  E.  Dibley, 
vies  Sherborn,  and  W.  P.  D.  Stebbing  took  part.  Mr. 
n  replied,  and  on  the  motion  of  the  President  a  cordial 
thanks  to  the  authors  was  passed. 
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Friday,  February  7TH,  1908. 
R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Cto- 

Messrs.  D.  Leighton  and  T.  H.  Withers  were  appointed 
Scrutineers  of  the  ballot. 

The  following  Report  of  the  Council  for  the  year  1907  '^ 
then  read  : 

THE  numerical  strength  of  the  Association  on  December  31st, 
1907,  was  as  follows  : 

Honorary  Members         .         .         .         .         .        .  U 

Ordinary  Members — 

rt.     Life  Members  (compounded)        .        .        .  165 

b.  Country  Member  (5s.  Annual  Subscription)  .  ^ 

c.  Members  (los.  Annual  Subscription)     .        .  45^ 

636 

This  shows  an  increase  of  eighteen  members  as  compared  witn 
the  corresponding  figures  of  the  previous  year. 

During  the  year  forty-nine  new  members  have  been  elected. 

The  Council  regret  that  the  Association  has  lost  nine 
members  by  death  during  the  year :  Miss  Caroline  Birley,  C.^  • 
Blackman,  Sir  James  Hector,  Bennett  C.  Polkinghorne,  WiUi^"^ 
Arthur  Savage,  Mark  Stirrup,  John  Francis  Walker,  Augusts 
George  Wildy,  and  B.  Winstone. 

Miss  Caroline  Birley,  who  joined  the  Association  in  1^  J 
was  an  enthusiastic  student  of  geology,  and  frequently  attend 
our  meetings.     She  had  visited  many  places  of  geological  inter^ 
in  various  parts  of  the  world,  and  had  spared  no  pains  to  obt^ 
additions  to  her  extensive  collection.     Many  of  her  specim^  ^ 
have  been  shown  at  our  conversazioni.     Under  the  provisions      ^ 
her  will  her  collection  has  been  given  to  the  British  Museum a-*^ 
Manchester  Museum.  ^ 

Sir  James  Hector,  who  joined  the  Association  in  ^^'^  Z 
was  for  nearly  forty  years  Director  of  the  Geological  Sury^  ; 
of  New  Zealand.  He  was  educated  at  Edinburgh  Universi"^' 
and  after  taking  the  degree  of  M.D.  was  chosen  to  ^^^^r^ 
pany  Captain  Palliser's  expedition  to  the  interior  of  ^"^*^f 
North  America,  after  which  he  wrote  an  important  pap^  j 
on  the  geology  of  Lake  Superior.  He  went  to  New  Zeala^'? 
in  1 86 1,  and  became  Director  of  the  Geological  Survey  ^j 
1865,   since  which  date   his  name  figures  largely   in  the  loc^^ 

•  Hy  an  error  In  last  year's  Report  the  number  of  Honorary  Members  was  given  »^ 
Instead  of  14.    The  total  should  consequently  be  reduced  to  618. 


^riLiniho   literature.       In    i87()    he    contributed    a    paper  to  t)ur 
l*ROCKKiuNGs  "  On  the  (icology  of  New   Zealand   with  special 
reference  to  the  Drift  of  that  Colony." 

B.  C.  Pclkinghorne  was  well  known  to  many  of  the  members 
SIS  a  keen  geologist,  although  his  professional  duties  prevented 
liini  from  being  a  regular  attendant  at  the  meetings.  He  was  an 
occasional  exhibitor  at  the  conversazioni,  and,  in  conjuction  with 
31  r.  A.  L.  Leach,  conducted  an  excursion  to  East  Wickham  in 
T  906.  Although  in  failing  health  he  acted  as  local  Secretary  at 
'Ehe  Congress  of  the  S.E.  Union  of  Scientific  Societies,  held  at 
^Voolwich  in  June  last.  In  October  he  went  to  Algiers  under 
-medical  advice,  where,  however,  he  died  during  the  closing  days 
of  the  year. 

Dr.  W.  A.  Savage  had  latterly  held  an  appointment  at  the 
<2ottage  Hospital,  Mapumalo,  Natal,  where  he  died.  Those 
members  who  took  part  in  the  Auvergne  excursion  in  1901  will 
Jiot  readily  forget  his  kindness  as  a  medical  adviser. 

John  Francis  Walker,  although  elected  so  long  ago  as  1874, 
^id  not  often  attend  our  meetings,  having  resided  at  York  for  the 
past  twenty-five  years.  In  him  geology,  and  especially  Yorkshire 
^eolog}',  loses  one  of  her  most  distinguished  sons.  For  many 
years  past  he  had  assiduously  devoted  himself  to  the  study  of  the 
^rachiopoda,  principally  from  the  Jurassic  and  Lower  Cretaceous 
formations,  and  of  these  he  had  gradually  amassed  a  magnificent 
collection.  His  widow  and  son  have,  with  great  generosity, 
presented  this  to  the  Ikitish  Museum.  Ho  has  contributed 
many  papers  on  his  favourite  subject  to  various  scientific 
publications. 

The  finances  of  the  Association  continue  in  a  satisfactory 
condition.  The  income  in  1907  was  slightly  larger  than  in  1906, 
but  the  increase  was  entirely  due  to  the  efforts  of  the  Secretary 
in  disposing  of  publications  and  duplicate  volumes  from  the 
library.  The  annual  subscriptions  and  admission  fees  were 
practically  the  same  in  1907  as  in  1906.  The  expenditure  for 
the  year  1907  was  jC^^9  ^  ^s.  4d.,  as  compared  with  jC^a^  2s.  5d. 
in  1906.  The  increase  of  jC-^  Js  accounted  for  chiefly  by 
extraordinary  expenditure  on  "  illustrations,"  being  that  part  of 
the  cost  of  illustrating  Dr.  Rowe's  paper  on  the  Chalk  of  the 
Isle  of  Wight  which  was  incurred  in  1907. 

Three  numbers  of  the  20th  volume  of  the  Proceedings 
have  been  published  during  the  past  year.  A  fourth  number, 
consisting  of  Dr.  Rowes  5th  and  concluding  part  of  "The 
Zones  of  the  White  Chalk  of  the  English  Coast,"  which  it  had 
been  intended  to  issue  in  1907,  was  delayed  by  various  causes, 
but  has  now  been  published  and  distributed  to  the  members. 

The  first  portion  of  Volume  XX,  actually  issued  in  1907, 
consists  of  208  pages,  with  seven  plates  and  twenty-five  text 
£gures.     The  thanks  of  the  Association  are  due  to  the  various 
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OTS  for  their  respective  contributions.  For  the  use  of 
Ics,  cliches,  and  photographs  used  in  illustrating  the 
CTEEDiNGS  thanks  are  due  to  H.  M.  Stationery  Office,  the 
logical  Society  of  London,  W.  G.  Fearnsides,  and  Prof. 
1-  Reynolds. 

The  additions  to  the  Library  during  the  year  consist,  as  usual, 
Qy  of  volumes  of  Transactions  received  from  other  societies 
xchange,  together  with  a  few  reprints  of  papers  presented  by 
iridual  authors.  The  Director  of  H.M.  Geological  Survey 
again  kindly  presented  various  official  Memoirs  published  by 
Survey  during  the  year. 

The  transfer  of  the  Association's  Library  to  the  University 
I-ondon  (now  representing  University  College)  has  taken 
e,  in  accordance  with  the  terms  of  the  resolution  passed  at 
Special  General  Meeting  held  on  July  6th,  1906,  and  the 
saction  is  embodied  in  an  agreement  dated  June  6th,  1907, 
le  between  the  Trustees  of  the  Association  and  the  University 
ondon. 

The  Library  continues  to  be  housed  at  University  College, 
the  members  of  the  Association  will  henceforth  be  able  to 
it  as  well  as  the  Science  Library  of  the  College  under  the 
>wing  conditions,  in  which  the  term  "the  Library"  means  the 
ibined  libraries  referred  to : — 

(i)  Members  of  the  Association  shall  have  the  right 
of  reading  all  books  in  the  Library  when  the  Library  is 
open. 

(2)  They  shall  also  have  the  right  of  borrowing  the  books 
in  the  Library  except  as  hereinafter  expressly  provided. 

(3)  The  Library  Committee  or  other  proper  authority 
of  the  University  may  in  their  discretion  place  any  book  or 
books  upon  a  list  of  books  not  to  be  issued  without  special 
leave. 

(4)  The  Librarian  shall  have  a  discretionary  power  of 
refusing  to  issue  any  book  without  special  leave,  but  on 
doing  so  he  shall  forthwith  report  the  fact  with  a  statement 
of  his  reason  to  the  Chairman  of  the  Library  Committee  or 
other  proper  College  authority. 

(5)  The  Librarian  shall  also  have  a  discretionary  power 
before  issuing  any  book  of  requiring  a  deposit  of  not  more 
than  one  guinea  to  be  made  in  the  office  of  the  College 
repayable  on  the  return  of  the  borrowed  book,  provided 
that  this  rule  shall  not  apply  to  books  transferred  by  the 
Association  to  the  University,  or  to  additions  to  be  made 
to  them  by  the  Association,  except  so  far  as  the  Association 
shall  from  time  to  time  determine. 

(6)  Once  a  year  with  a  view  to  an  annual  inspection  of 
the  Library  the  University  may  require  the   return  of  all 


;h' 


whichever  |)l'1"1()(-1  shall  he  thr  : 

(S)    If    a     horioWTci    WnAi 
rrliiriKd    to  ihu  I,il  rarv  when 
thr    RcL^uhuions,    llic    Ixirowt 
College  the  siiiii  which  the  Lil 
to  be  its  value,  or  any  less  sum 
shall  in  its  discretion  think  pr 
the   Librarian  may  in   his  dii 
replacement  of  the  book  in 
liability  under  this  regulation. 
(9)  On  not  more  than  twel 
the  Association  shall  meet  at 
be  kept  open  until  8  o'clock  fi 
the  Association,  and  for  the  b 
Suitable  dates  for  such  meet 
Association  with  the  Provost  c 

The  Library  is  open  for  consul 
between  the  hours  of  9  a.m.  and  5  ] 
when  it  is  closed  at  i  p.m.  It  is 
up  to  8  p.m.  Members  who  cann 
during  the  vacations)  can  have  boo 
to  the  Librarian,  University  CoUeg 

As  soon  as  practicable  the  b 
incorporated  in  the  existing  card  ca 
of  the  College. 

The  majority  of  the  serials  ha^ 
College  and  are  at  length  available 

The  amalgamation  of  the  two  li 
duplicate  monographs  of  the  Palf 
disposal  of  the  Council,  and  these 
the  members. 
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''The  Carboniferous    Limestone    Sections  of   Burrington    Combe   and 
Cheddar,"  by  T.  F.  Sibly,  B.Sc,  F.G.S. 

"  Recent  Researches  in  the  Lower  Carboniferous  Rocks,"  by  A.  Vaughan, 
B.A.,  D.Sc.,  F.G.S. 

"  The  Chalk  Area  of  Western  Surrey,"  by  George  W.  Young,  F.G.S. 
^      "  The  Geology  of  the  Appleby  District,  Westmorland,"  by  John  Edward 
^Jarr,  ScD.,  F.R.S.,  F.G.S. 

^Lectures  were  delivered  by  Horace  W.  Monckton,  V.P.L.S.,  F.G.S., 
^  On  a  Norwegian  Snow-6eldand  its  Glaciers  "  ;  by  M.  M.  Allorge,  F.G.S., 
^  A    GeologisTs    Impressions   of   Mexico  "  ;   and  by  Arthur    L.  Leach, 
Notes  on  the  Geology  of  the  Tenby  District." 

The  thanks  of  the  Association  are  due  to  all  these  gentlemen. 
The  past  year  has  been  a  very  successful  one,  both  as  to 
nunabers  of  Excursions  and  the  attendance  thereat.  Some  of  the 
Excursions  have  been  of  exceptional  interest.  The  increasing 
difficulty  in  finding  fresh  localities  for  half-days  has  led  to  our 
^ntinuing  to  have  more  whole-days  than  formerly,  but  as  these 
give  greater  opportunities  for  our  country  members  to  take  part  in 
^^r  Excursions,  we  think  that  this  departure  is  a  good  one. 

We  must  call  special  attention  to  the  September  Excursion, 
'^  ^vhich  the  Fellows  of  the  Geological  Society  and  their  Foreign 
S^ests  were  invited,  a  considerable  number  of  whom  attended. 
*^  has  resulted  in  a  very  hearty  invitation  to  the  Association  to 
^sit  the  Paris  Basin  at  the  first  opportunity.  ^ 

The  Members  of  the  Association  have  again  shown  their  dis- 
approval of  early  starts  from  London. 

Three  visits  to  museums  were  made.  There  were  five  whole- 
^^y  and  twelve  half-day  Excursions,  besides  those  at  Easter  and 
Wlxitsuntide  and  the  Long. 

The  following  is  a  list  of  the  dates,  localities,  and  directors  : 


I>A.-ri. 

Place, 

Director. 

Ma.rcli2  . 

. 

British  Museum  (South 

Dr.   A.   Smith   Woodward, 

Kensington) 

F.R.S.,  F.G.S. 

Marclig  . 

• 

Bruce    Castle 
(Tottenham) 

Museum 

T.  VV.  Reader. 

Marcli  16 

•              • 

British  Museum  (South 
Kensington)  Botanical 

J.  Britten,  F.Z.S. 

March  23 

Department 

, 

East  Wickham 

"  Chalk 

A.  L.  Leach. 

March  29 

to  April  3 

Mines" 
Plymouth 

W.  A.  E.  Ussher,  F.G.S. 

ApHl  6      . 

(Easter) 

Bushey     and 
Green 

Croxley 

J.       Hopkinson,       F.L.S., 
F.G.S.,        H.       Kidner, 

Apnl  X3  . 

• 

Tonbridge 

• 

F.G.S. 
W.  J.  Lewis  Abbott,  F.G.S., 
and    E.    W.    Handcock, 

A^'}  ^^ . 

Lane  End 

F.G.S. 
H.J.  Osborne  White,  F.G.S. 

,        , 

Maidstone 

,        , 

C.  W.  Osman,  M.I.C.E. 

M^y  f  (whole  day) 

Faringdon 

, 

LI.  Treacher,  F.G.S. 

y  xx 

,        , 

Crayford    and 

Dartford 

A.   L.   Leach    and    R.  H. 

^^-  G. 

Heath 

Chandler. 

OL.  Assoc, 
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The  Assorianoa  took  pan  in  the  cdebotdoa  oc  che  Ceaterury 
of  the  Geologkai  Sodecy  in  September.  The  President 
attended  as  dlek^aie  for  uie  Assodadoo^  and  presented  an 
address,  the  text  oc  vhkh  bus  appeared  on  page  376.  Allu^sxon  has 
already  been  made  to  the  excursion  imdert^iken  in  connection 
with  the  celebration. 

The  follovin^  are  the  chanjges  in  the  Hoose  List : 

Mr.  R.  S.  Herries,  having  nlled  the  Presidential  Chair  for 
the  past  two  \ears.  now  retires  from  that  omce.  The  Assodadon 
is  particularly  indebted  to  him  for  the  great  care  he  has  displayed 
in  conducting  the  negodations  for  the  transfer  of  the  Library  to 
UniTcrsity  College,  by  which  the  Association  has  gained  substan- 
tial privileges.  He  h:is  also  contributed  a  thoughu'ul  address  on 
the  management  cf  Scientinc  Sodeties,  which  will  be  a  most 
useful  guide  in  the  framing  of  regulations  as  it  embodies  the 
experience  of  many  years.  His  constant  attendance  at  meetings 
and  excursions  has  also  been  of  great  support  to  the  Secretaries. 

Thanks  are  also  due  to  Cap)t.  Stiffe  and  I)r.  A.  Smith  Wood- 
ward, who  retire  from  the  Vice- Presidency ;  10  Mr.  R.  Holland, 
who  finds  himself  compjelled  to  resign  the  Treasurership  on 
account  of  increai-ing  business  pressure.  In  him  the  Association 
loses  a  most  efndent  onicer,  who  has  managed  the  finances  with 
great  care  during  the  past  seven  years  and  now  leaves  them  in  a 
very  satisfactory  condition ;  and  also  to  I>r.  C.  W.  Andrews  and 
Mr.  G.  E.  r>!b]cy,  who  retire  from  the  Council. 

It  will  be  a  source  of  gratification  to  the  members  that  the 
Assodation  has  now  entered  on  its  fiftieth  year,  which  it  will  com- 
plete on  November  29th  nexL  To  mark  the  event  the  Council 
have  dedded  to  bring  out  a  volume  dealing  with  the  geology  of 
those  parts  of  England  and  Wales  which  have  been  visited  by  the 
Assodation  during  the  course  of  its  excursions.  This  will  not  be- 
exactly  on  the  lines  of  "The  Record  of  Excursions"  already 
published,  which  is  now  practically  out  of  print,  but  will  consist  of 
a  series  of  contributions  by  competent  authorities  on  the  geolog)* 
of  the  various  districts  visited,  under  the  general  editorship  of 
Messrs.  H.  W.  Monckton  and  R.  S.  Herries, 

The  Council  also  feel  sure  that  the  members  would  wish  that 
on  such  an  occasion  the  opportunity  should  be  taken  of  giving 
spedal  recognition  to  the  small  band  of  survivors  of  those  who 
took  part  in  the  foundation  of  the  Association.  Rule  22 
empowers  the  Council  to  recommend  persons,  who  have  done 
some  special  ser\-ice  to  the  .\ssociation,  as  Honorary  Members  at 
the  Annual  General  Meeting;.  They  therefore  recommend  as 
Honorary  Members  the  following  persons  : 

Mr.  William  Norton  Lawson,  who  was  nominated  a  member 
of  the  first  General  Committee  appointed  at  the  first  General 
Meeting  on  December  17th,  1858.  He  was  subsequently 
appointed  Secretary  in  i860. 
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Mr.  George  Potter,  who  was  one  of  three,  Mr.  J.  E.  Wake- 
field and  Mr.  J.  Slade  being  the  others,  who  met  on  November 
17th,  1858,  and  decided  to  promote  the  foundation  of  the 
Association.  Mr.  Potter  was  again  present  at  the  resulting 
meeting  on  November  29th,  1858,  when  the  Association  may 
be  said  to  have  been  founded.  He  was  on  this  occasion 
nominated  a  member  of  the  Provisional  Committee  appointed 
to  draw  up  a  Code  of  Rules,  and  to  report  progress  to  the  first 
General  Meeting  held  on  December  17th,  1858.  He  was  then 
placed  on  the  first  General  Committee,  a  position  which  he  was 
obliged  to  resign  shortly  afterwards  owing  to  his  leaving  London. 
In  view  of  the  very  active  part  taken  by  Mr.  Potter  in  the 
foundation  of  the  Society,  the  Council  also  recommend  his 
election  this  year  as  a  Vice-President. 

Mr.  James  Ebenezer  Saunders,  who  was  present  at  the 
meeting  on  November  29th,  1858,  and  at  that  of  December  17th, 
was  nominated  a  member  of  the  first  General  Committee, 
appointed  at  the  latter  meeting. 

It  was  moved  by  Mr.  A.  S.  Kennard  and  seconded  by  Mr. 
John  Sheer  and  resolved  that  the  report  just  read,  including  the 
Statement  of  Account,  be  adopted  as  the  Report  of  the  Associa- 
tion for  the  year  1907. 

The  President  then  formally  proposed  the  election  of  the 
three  persons,  recommended  in  the  Annual  Report,  as  Honorary 
Members.     This  was  carried  ftem.  con. 

The  scrutineers  reported  that  the  following  had  been  duly 
elected  as  Officers  and  Council  for  the  current  year  : 

President  : 
Professor  W.  W.  Watts.  M.A.,  M.Sc,  F.R.S.,  Sec.  G.S. 

Vice-Presidents  : 

Upfield  Green,  F.G.S.  I      E.  T.  Newton,  F.R.S.,  F.G.S 

R.  S.  Herries,  M.A.,  F.G.S.  |      G.  Potter,  F.R.M.S. 

Treasurer : 
J.  V.  Elsden,  B.Sc.,  F.G.S. 

Secretaries  : 
G.  W.  Young,  F.G.S.  |  A.  C.  Young,  F.G.S. 

Editor  : 
II.  W.  Monckton,  V.P.L.S.,  F.G.S.,  F.R.N.S. 

Librarian  : 
Prof.  E.  J.  Garwood,  M.A.,  Sec.  G.S. 
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COUXOL : 


H.  A.  Allen,  F.G.S. 

J.  V.  Elsden,  B.Sc,  F.G.S. 

Prof.  E.  J.  Garwood,  M.A.,  F.G.S. 

Walcot  Gibson.  B.Sc,  F.G.S. 

Up6e1d  Green.  F.G.S. 

R.  S.  Herrics,  M.A.,  F.G.S. 

R.  Holland. 

T.  V.  Holmes,  F.G.S. 

Miss  M.  S.  Johnston. 

H.  Kidner,  F.G.S. 

H.  W.  Monckion,  F.L.S.,  F.G.S. 


E.  T.  Newton.  F.R.S. 

G.  Po:icr,  F.R.M.S. 

T.  W.  Readc'.  F.G.S. 

\.  E.  Sahcr.  D  Sc..  F.G.S. 

Miss  I  da  L.  Slater. 

W.  P  D.  Siebbing.  F.G.S. 

LI.  Treacher.  F.G.S. 

Prof.  W.  W.  Watts,  MA.,  F.R.S. 

W.  WhiLiker.  B.A  .  F.R.S. 

A.  C.  Yiung,  F.C.5. 

G.  W.  Young,  F.G.S. 


The  best  thanks  of  the  Association  were  voted  to  the 
Officers,  and  Members  of  Council  retiring  from  office,  to  the 
Auditors  and  to  the  Scrutineers. 

The  President  then  delivered  the  Annual  Address,  entided, 
"  The  Centenar)'  of  the  Geological  Society." 

On  the  motion  of  Mr.  J.  L.  Foucar,  seconded  by  Dr.  C-  G. 
Cullis,  it  was  resolved  :  "  That  the  President's  Address  just  read 
be  printed  in  full." 

Mr.  H.  B.  Woodward  then  moved :  "  That  a  cordial  vote  of 
thanks  be  given  to  Mr.  R.  S.  Herries,  the  retiring  President,  for 
the  excellent  way  in  which  he  had  carried  out  the  duties  of  the 
office  during  the  past  two  years."  This  having  Ixren  seconded  by 
the  Secretary,  Mr.  G.  W.  Voung,  was  carried  by  acclamation. 

This  terminated  the  Annual  General  Meeting. 


ORDINARY    MEETING. 

Frid.w,  Febru.\rv  7TH,  1908. 

Prof.  W.  W.  Watts,   M.A.,   M.Sc,   F.R.S.,  F.G.S.,   President, 
in  the  Chair. 

The   following  were  elected  members   of  the   Association : 
Mrs.  Emily  J.  Alder,  CapL  J.  Dyer,  A.  Forbes,  C.S.I. 

There  being  no  other  business  the  meeting  then  terminated. 
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I.— INTRODUCTION. 

THE  following  paper  contains  the  results  of  a  detailed  ex- 
amination of  those  Zones  of  the  Chalk  which  are  exposed 
in  the  Thames  Valley,  near  Reading.  The  area  dealt  with  lies 
between  Goring  and  Shiplake  on  the  north  bank,  and  between 
Streatley  and  Reading  on  the  south,  and  with  the  exception  of  a 
small  tract  in  the  immediate  vicinity  of  Goring,  the  whole  is 
included  in  the  portion  of  Sheet  268  of  the  one-inch  Geological 
Survey  Map,  New  Series,  which  is  reproduced  as  Plate  XXIV. 
The  pits  marked  i,  2  and  16  on  the  Plate  are  just  outside  the 
area  of  Sheet  268,  and  in  that  of  the  adjoining  Sheet,  No.  254. 

Although  the  Chalk  of  this  stretch  of  country  has  been  ex- 
amined by  Professor  Barrois,*  and  more  recently  by  the  Geo- 
logical Survey,t  little  is  known  of  its  zoology,  and  in  not  a  few  of 
the  sections  neither  the  zones,  nor  their  limits,  have  been  correctly 
determined.  The  objects  of  our  examination  were  to  determine, 
from  zoological  evidence,  the  zones  of  the  Chalk,  and,  where  t 
possible,  to  define  their  junctions. 

In  the  first  instance  we  had  intended  to  work  over  a  muchc 
larger  piece  of  country,  but  Mr.  H.  J.  Osborne  White  advised  us^ 
that  the  small  area  dealt  with  in  this  paper  would  repay  a  closed" - 
inspection  than  either  Professor  Barrois  or  the  Geological  Surve)^: 
had  been  able  to  give  it.  For  general  advice,  and  also  for  usefiw 
information  about  the  position  of  many  of  the  pits,  we  are  greatly -* 
indebted  to  him. 

Professor  Barrois,   in  his  account  of  this  area,  recorded  r"s 
Whitchurch  the  zone  of  Micraster  cor-testudinarium  ;  further  eas^^ 

•  Charles  Barrois.    Kecherches  siir  le  terrain  Cr^tacd  supcrieur  de  IWngletezre  et » 
rirlande.    410.    Lille,  1876.     Pp.  147-149.  ^^^ 

t  '*  The  Geology  of  the    Country  around   Reading,"  by  J.  H.  Blake  and    H.  '*^ 
Monckton,  Mem.  Geol.  Surv.,   1903.     "The  Cretaceous  Rocks  of    Britain,"   by  A 
Jukes-Browne,  Mem,  Gtol.  Surv.,  3  vols.,  1900-04.    See  vol.  iii,  pp.  203-222. 
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at  Hardwick  House  and  Chazey  Farm,  the  zone  of  Micraster  cor- 
anguinum;  and  at  Caversham,  his  zone  of  Marsupitei;  whereas 
the  chalk  of  all  these  sections,  as  we  shall  show,  is  within  the 
limits  of  the  zone  of  Micraster  cor-anguinum^  as  defined  by  Dt. 
Rowe.  In  the  account  of  this  district  by  the  Geological  Survey  a 
few  more  sections  were  described,  and  doubt  was  thrown  on  the 
occurrence  of  Marsupites  Chalk  at  Caversham,  but  little  of 
importance  was  added  to  Professor  Barrois'  account 

With  the  exception  of  the  quarry  at  Span  Hill,  all  thepi^ 
visited  have  long  been  disused.     In  describing  the  sections  ob 
the  two  sides  of  the*  Thames  Valley,  we  shall  commence  in  eaci^ 
case  with  those  on  the  west.     We  should  mention  that  thegene^^ 
dip  of  the  strata  is  in  a  south-easterly  direction. 


II.— EXPOSURES    ON    NORTH    SIDE    OF   VALLE^V 

(OXFORDSHIRE). 

Clevemede,  Goring.  (No.  i.*) 

A  good  section  in  the  Rhynchonella  cuvieri-zonQ  is  shown  |^]]]^^^ 
pit  almost  level  with  the  Thames,  adjoining  Clevemede,  Gorir"""^  , 
The  pit  is  in  private  grounds,  but  we  were  permitted  to  exami^    . 
it  by  the  kindness  of  the  owner,  Mrs.  Fife.     The  section  is  mu^^ 
weathered,  and  is  overgrown  in  parts  with  trees  and  shrubs,  tk^ 
talus  having  accumulated  on  the  face  of  the  pit  to  a  heigbt  ^ 
some  1 5  ft.     Flints  are  entirely  absent.    The  rocky  chalk  seen  ^^ 
the  base  of  the  chalk  exposed  is  probably  not  far  above  the  to,^^ 
of  the  Melbourn  Rock.    Fossils  are  very  numerous,  and  nearly  at  ^ 
the  typical  fossils  of  this  zone,  including  thirty-two  examples  c^ 
Rhynchonella  cuvieri^  were  collected.     The  following  section  cat^ 
be  distinguished  : 


Zone  of 
Rhyn'chonella 

CUVIERI. 


Gravelly  soil 

Hard,  white  chalk 

Rhynchonella  cuvieri^  Terebratula  semigiohosa^ 
Inoceramus  lahiatus. 

Hard,  rocky,  rather  yellowish  chalk,  gritty 
with  fragments  of  fossils . 
Rhynchonella  cuvieri,  Terebratula  semi- 
glohosa,  Conulus  castanea^  Cardiaster  pyg- 
mccuSy  fiemiaster  minimus^  Discoidea  dixoni^ 
Cidaris  clavigera^  Inoceramus  lahiatus^ 
Plicatula  sigillina  (^^Dimycdon  nilssoHt)^ 
Spondylus  latus^  Spondylus  sp.,  Serpula 
plana^  Placopsilma  cenomana. 

^  Talus   .... 


0^ 


13      0^ 


White  Hill,  E.N.E.  of  Goring  Station.  (No.  2.) 

There  are  two  small  exposures  (see  Fig.  28)  by  the  side  of  tt^ 
road  running  up  White  Hill,  one-third  of  a  mile  E.N.E.  of  Gori^* 

*  The  numbers  of  the  sections  are  marked  on  the  map,  PI.  XXIV, 
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Statxm.  The  lover  oce  <A>  »  in  the  7dmf^r-^i!fc."£it»-iooe*  and 
there  Tertbraiuiimti  p*d^  ¥ar.  iati  is  verr  abendint.  The 
sgofsx^  VtrrucocaHa  .'^ivr'.'&x.  described  by  Dr.  G.  J.  Hinde  in  the 
Appendix  ^see  p.  42a.  Fi^  31 1^  w;is  obcsincd  trom  rhiit  sectxoo.  In 
the  second  one  ^B>,  ^boot  50  yards  tirtb^r  up  the  road,  there  ts 
a  good  exposure  oc  the  Ouilk  Rock,  bat  fossils  Are  very  di&ult 
to  extract  from  it.  owing  :o  it.s  particuLirly  hard  and  massn^ 
character.  A  stugmitfc  crust  of  bn-^iht  yeliow  colour,  j  to  |  in. 
in  thickness,  was  there  noticed  on  the  blocks  ot  Chalk  Rock,  as 
well  as  on  some  of  the  fossils.  This  feature  has  not  been  obscfred 
in  the  other  exposures  of  the  Chalk  Rock  examined  by  us»  either 
in  this  area  or  in  other  parts  of  Oxfordshire.  Formerly  the  beds 
above  the  Chaik  Rock,  including  the  "top-rock"'  ^described 
below),  were  seen  in  this  road-cuttinz.  and  are  described  in 
the  Survey  Memoirs.*  but  a:  the  present  time  these  beds  are  not 
visible.  The  lower  section  <A)  was  probably  not  then  exposed, 
as  no  mention  is  made  of  it. 

The  finding  of  three  examples  of  Terebratulina  ^acilis^  var. 
lata  above  the  marl  band  in  section  B  is  noteworthy,  as  until 
now  this  fossil  has  never  been  recorded  in  this  position  in 
Berks.,  Bucks.,  or  Oxon.  So  far  as  we  can  ascertain  no  specimens 
of  Micros ter  have  been  found  in  this  exposure.  Echimocorys 
sattatus,  Sp*ynd\Iu5  spinosus.  and  Tertbratuia  carnta  are  the  only 
fossils  recorded  from  this  section  by  the  Sur\ey  ;  they  were  found 
in  the  nodular  chalk  (bed  6)  formerlv  to  be  seen  above  the  Chalk 
Rock. 

Only  beds  i — 5  and  18  in.  of  bed  6  of  the  following  section 
are  now  i-isible.  The  description  of  beds  6 — S  is  consequently 
from  the  Sur\ey  Memoir. 


TESTUDIXARITM.  J 


SECT/OX    B. 

MicbastIr^^COR-  '-^'  ^^^'  ^^^^^  ch^\^  with  a  layer  of  flint  about 
half  an  inch  thick  at  the  base 

7.  [**  Top- Rock  "]    Hard,   yellowish   rock   in 
loose  lumps,  but  without  nodules.      Vtn- 
trtculUet  ....... 

6.  Nodular  chalk,  consistinj;:  of  hard  lime- 
stone lumps,  embedded  in  l«x)sc,  powdery 
chalk  with  a  few  scattered  flints 
5.  Chalk  Rock.  Hard,  white  limestone  with 
green  grains  and  a  band  of  green-coated 
nodules,  passing  down  into  very  hard 
compact  yellowish  rock  with  green 
grains  and  several  layers  of  green-coated 

nodules 

Holaster  planus,  Rhynchonella  reedensis^ 
R.  limhata,  Ttrebratuia  semiglo^osa^  FUuro- 
tomarta  per  spec  tiva,  Solariella  ^emmata,  Ostrea 
semtplana^  Spcndylus  sptnosus,  Oxyrhina  sp. 

•  Reading,  p.  lo ;  and  Cret.  Rocks,  toL  Ui.  p.  txA, 


Zone  of 
Holaster 

PLANUS. 


ft    in. 
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Zone  of 
Terebratulina. 


/'^ 


Zone  of        , 
Terebratulina.  "a 


ft.  iib 
Hard  white  rock  passing  down  into  rough 

nodular  chalk 2    ^ 

Ttrebratulma    grtuilis^     var.     lata     (three 
examples),  Inoaramus    sp.,   Lima   koperi^ 
Ostrea    vesscu/aris,    FHcatuia    sigiliima  (= 
Dtmyodon  nUssoni)^  Haplopkragmium, 
Buff-coloured  shaly  marl  band  (W.  side  of 

section) 0    3 

Mttopasttr  sp.,  Ostrea  (fragments),  Cytker- 

ella  muensteri^  C,  avata. 

Soft,    greyish    chalk    with    harder  lumps, 

just  seen. 
Tereiratulina  gracilis^  var.  lata  (common), 
Bairdia  subdiltoidea^   CythergUa  muensieri, 
C,  ovata. 

SECr/OM   A. 
Greyish,  irregular  blocky  chalk  wiih  marly 

veins  and  without  flints,  becoming  softer 

and  whiter  below 6    0 

Ttrebratulma  gracilis^  var.  lata  (ytrf 
common),  Rhynchonella  cuvieri^  Terebratula 
carnea^  T,  semiglobosay  BourgiutkrmuSy 
Asteroid  ossicle,  Inoceramus  cuvieri^  Imocer' 
amus  sp.,  Ostrea  veskularis,  Flkatula 
barroiii^  P,  sigillina  (=s  Dimyodon  nilssom)^ 
Sponiylus  sfiinosus,  VerrucociBlia  tuherosa, 

Gatkhampton  Farm,  E.  of  CtOring.  (No.  3.) 
The  following  section,  which  is  in  the  zone  of  TeredratuHnOt  ^ 
seen  on  the  slope  above  Gatehampton  Farm,  east  of  Goring.  A 
fissure  runs  almost  vertically  down  the  middle  of  the  pit,  the  dtflk 
on  both  sides  being  slickensided.  Near  the  top  of  the  pit  is* 
well-marked  marl  band,  and  this  is  probably  the  lower  marl  banJ 
seen  some  1 6  feet  below^  the  Chalk  Rock  at  Streatley  (see  bdou 
p.  406).  In  this  pit  Terebratulina  gracilis  var.  lata  is  very  commo 
above  the  marl  band,  but  very  rare  below  it,  only  one  specime 
having  been  found.  Fragments  of  Ostrea  vesicularis  are  ve 
numerous  in  the  bottom  bed.  The  section  has  been  describ 
by  the  Geological  Survey,*  but  no  fossils  have  ever  been  record 
from  it.  (t^ 

1,  Firm,  white  chalk  without  flints  .         .  7 
Terebratulina  gracilis^  var.  lata  (common) 

2,  Buff-coloured,  soft  marl  band     ...  o 
Terebratulina     gracilis^    var.   lata    (fairly 
common),  Bourgueticrinus^  Camerospongia 


Zone  of 
Terebratulina^ 


capilata^  Cyt her  ella  ova/a, 
3.  Massive,  firm,  white  chalk  with  a  few 
scattered  globular  flints,  and  a  thin 
tabular  flint  line  4  ft.  below  marl  band  . 
Terebraiulma  gracilis,  var.  lata  (rare), 
Bolaster  planus,  Bourgueticrinus^  Echinoid 
spine,  Lima  hoperi,  Plicatula  harroisi^  Ino- 
ceramus, Ostrea  hippopodium,  0.  vesicularis^ 
Stondylus  dutempleanus,  Serpula  ampullacea, 
^alpellum  sp.,  Hippothoa  dtspersa^  Fish- 
scales. 
*  Mgm.  Geol.  Survey  (Expl.  Sheet  268),  Reading,  p.  8, 1903. 
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Hart's  Lock  Wood.   (No.  4.) 

A  lerr  fime  section  is  to  be  seen  in  the  ri\-er  bluff  opposite 
B«MncT,  a  licde  more  than  one  mile  N.W.  of  Coonibe  Lodgt» 
near  Wbicchorch.  It  is  the  only  exposure  in  the  Thames  Valley 
abovie  ReadiEKjC,  which  shows  the  whole  of  the  /one  of  //(/tusiitr 
^^iamms  and  its  junctions  with  the  zones  abow  and  Inrlow,  The 
£Ke  of  the  pit  ts  almost  vertical,  and  about  30  feet  of  the  chalk  at 
tlie  base  is  obscured  by  talus.  In  parts  the  pit  is  owrgrown  with 
trees  and  shrubs.  The  section  has  been  pre\*iously  described.* 
but,  owix^  to  the  inaccessibility  of  the  upper  part  of  the  iiuarr>% 
nocfaii^  definite  has  hitherto  been  ascertained  with  rt^rd  to  those 
bed&  It  has  now  been  found  possible  to  examine  them  in 
detail,  and  the  measurements  and  descriptions  are  gi\'en  in  the 
section  bdow.  The  rock-bed  usually  developed  at  the  top  of  the 
Holmsier  fioMMS-ion^  in  this  part  of  the  countr>'  does  not  occur 
here,  but  the  yellowish  lumpy  and  nodular  chalk  (hard  and  soi\ 
mixed,  bed  6  of  the  section  gi^-en  below)  approximately  nurks 
the  junction  with  the  zone  of  Mii-nuttr  ivr^afitiimanmmy 
and  therefore  may  be  regarded  as  its  eiiui\*alent.  The 
Miciasters  from  this  chalk  (bed  6)  are  clearly  pas$;igo  form$> 
and  have  feebly  inflated  interporiferous  areas ;  but  just  alH>ve 
this  bed  the  Micrasters  have  strongly  intlatod  "areas,**  and 
arc  undoubtedly  of  the  J/iVroj/^r  ivr-UsfuMmt nam  zone  typo, 
A  remarkably  fine  specimen  of  Micnuter  tvr-/H>ris  wis  obtaineii 
from  near  the  top  of  bed  5.  The  highest  chalk  (IhhI  7)  stH^n  in 
this  section  is  the  only  exposure  of  the  AfiiTtis/^r  ivr-UsftfJ^anam 
zone  that  we  have  observed  in  this  area,  and  unfortunately  wry  few 
fossils,  except  Micrasters,  could  be  obtained  from  it.  No  fossils, 
other  than  Micrasters,  appear  to  have  l>con  recorded  fn^n  this 
section  by  the  Geolc^cal  Survey,  The  following  is  the  section 
seen,  with  the  fossils  obtained  from  the  various  Ix^ds : 


Zone  of 

MiCRASTER    COR--' 
TESTUDINARIUM. 


White  chalk,  with  many  nodular  and  tabular 

flints  in  courses 

MnraiUr  prcrcursor,  Bourguiturinms  sp., 
MitopasUr  parkinsoni^  Khynihontli^i  hmKiUi^ 
Terthratula  carn*a^  T.  semifiloKna^  Phcatuh 
sigil/ima  (=  IhrnyoJoH  niisscnt\  S^rpuU 
fltutuata^  BatrJia  suhiMtoiJea^  CythirfL\t 
orafa^  Climopora  limfata,  StpkonictvpklHS 
plumatus,  Spinopora  dixoni^  Pr^scxna 
angustata,  CrisUilaria  rotuiata. 


ft.     in. 
1$       O 


*M9ms.  Geol,  Survty,  Geol.  London  Easln,  1872,  p.  47  ;  Cret.  Rocks,  voU  ill,  pp.  307- 
1904 ;  Reading,  pp.  9-10, 1903. 


(.     v.    UI\1\MN    .\N1>    T.     H.    WITHKKS    t'.^ 


Zonk  of 
holaster 

PLANl-S. 


f3. 


Zone  of 

TEREHKATI'LINA. 


Yellowish  lumpy  and  iu>.ii:l.ir  oli.ilk  (!i..:.! 
and  soft  mixed),  willi  small  eloiiguie  :ir.  i 

globular  flints 3 

Mtcrastfr  prctcursor^  Eckmoeorrs  scutatuSy 
var.  gibhms^  Kingtna  h'mm^  KkptekomiUa 
rttdtnsUy  Ttrthraimh  stmighbosm^  Veniri" 
cuhus  sp,  CytfurtUa  ovata^  Siommiipora  sp., 
cf.  cmlypso^  CfisUllaruL  rotmlaia. 
Nodular  and  lumpy  white  chalk,  with  very 

few  flints 16 

Mtcraster  cor-hovis^  M,priteursar^  M,  cor-ieS" 
iutiinarmm^  Eckinocorys  scuUtus^  var.  gMms^ 
Holastgr piacenia^  Ctdarisserrtftrm^/socrimui^ 
Metopaster  tarkmsoni^  TtrtiratmUt  cmrtum^ 
T,  semigltiosa^  RkymckumeUa  ngtlmsis^ 
Spomivius  latusy  Phcatulm  sigiUma  Q^DumyO' 
Jon  M9/ssoHi")f  Ostrta  s§miptama^  O,  vtskuimris^ 
Floeoscxpkia  amvalmta^  VtmtrKuitUs^  Fro*' 
hosctna  radiotiiorumy  F,  rmmasm^  Simmaiopfra 
gracihs. 

Chalk  Rock. — ^Two  distinct  bands  of  com- 
pact yellowish  rock,  with  green  graint, 
and  containing  several  bands  of  green- 
coated  nodules;  the  bands  separated  by 

lumpy  white  chalk $ 

Micrasttr  pnrcursor^  HolusUr  plamus^  Ttr§^ 
hratuhi  semigiohosa^  RkynckomiUa  rttdimsiSy 
Soiarui/a  gtmmatm^  Trockms  scAlmitri^ 
FUurotomaria^  Inoceramms  sp.,  Ostrgm  simh- 
plama^  ReptomuUisparsa  congeitm. 
Nodular    chalk   passing  down    into   more 

massive  chalk 6 

Terehaiuia  Sfmiglokesa^  Inoctramux  cmvuri^ 
Asteroid  ossicle. 

Buff-coloured  marl  hand       ,        .         .         .        0 
Osirea     sp.,     Im\'tramu5     sp,,     CytkereOtL 
ovata. 
Grey,    irrejjular    bK>cky    chalk,    becoming 

whiter  below.     Much  talus     ...       20 
Terehratultna  gracilis^  var.  lata  (rather  rare"), 
Incciramus     cuviert^      Ostrea      vtsicu/arts^ 
Ptychoaus  sp. 


N.W.  Corner  of  P.\rk  of  Coomde  Lodge.    (No.  5.) 

The  raid  banks  at  the  north-western  corner  of  the  Parfe-    ^^ 
Coombe  Lodge,  near  Whitcliurch,  show  very  small  section^    ®^ 
firm,  white,  flaggy  chalk,  with  solid,  black  nodular  flints  havir»£* 
thin  white  cortex,  and  small  globular  flints  which  are  cavemc::^*^* 
Tabular  flint  lines  are  also  sec-n.     The  sections  are  in  a  ver>-  fc>^' 
condition,  showing  no  more  than  1 8  in.  of  chalk     No  typical  20  ^ 
fossil  was  found,  so  that  we  have  no  direct  evidence  as  to      ^ 
hoiizon  of  these  e.xposures,  but,  judging  from  their  ix)sition,they  - 
probably  in  the  lowest  part  of  the  zone  of  MurasUr  lor-tin^im' '^^ 
The  frequent  occurrence  of  radiolcs  of  Cidaris  davi^era  in  ti^* 
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sections  makes  it  probable  that  they  are  at  about  the  same 
horizon  as  the  pits  behind  the  school  at  Whitchurch  (No.  6),  and  at 
Bozedown  Farm,  a  little  farther  east ;  for  at  both  those  places 
these  radioles  are  very  common  at  the  base  of  the  sections,  and 
we  have  not  found  them  in  such  numbers  elsewhere.  The 
following  were  the  only  fossils  obtained  by  us  : 

Cidaris  ciavi^era  (radioles)      Inoceramus  (fragments) 

„       seep  frif era  Scrpula  plana 

Asteroid  ossicle  „      fluctuata, 

Whitchurch.    (No.  6.) 

The  base  of  the  zone  of  Micraster  cor-an^uinum  is  seen  in  a 

pit  behind  the  school-house,  on  the  main  road,  north  of  the 

village  of  Whitchurch.     A  vertical  face  of  about  30  ft.  of  chalk  is 

exposed,  but  only  the  lower  beds  are  accessible.     At  the  base  of 

the  section  there  is  just  over  2  ft.  of  yellowish  nodular  chalk, 

above  which  the  chalk  is  white  and  in  massive  beds.     Nodular 

flints,  black  inside  with  a  thin  white  cortex,  occur  in  layers  from 

2  to  3  ft.  apart,  and  between  these  layers  are  some  scattered 

cavernous  flints  and  some  thin  tabular  bands.     In  the  middle  of 

the  section  a  fault  is  seen,  hading  at  an  angle  of  about  70  degrees, 

the  downthrow  being  7  in.  to  the  west,  and  another  fault,  hading 

at  the  same  angle  in  the  opposite  direction,  meets  the  former 

about   18  ft.  from  the  bottom  of  the  pit.     Shattered  bands  of 

tabular  flint  occur  along  both  lines  of  fault      Professor  Harrois 

describes  a  section  **  north  of  l^angbourne,"  which  he  refers  to 

the  zone  oi  Micraster  cor'testudinarium^-'  and  this  is  probably  the 

place,  for  we  have  failed  to  find  any  evidence  of  another  exposure 

in  this  locality.     The  quarry,  however,    must   have  been  very 

different  when  Professor  Barrois  saw  it,  for  he  gives  the  thickness  as 

15  metres,  whereas  now  the  exposure  is  no  more  than  10  metres. 

He  mentions  a  bed  of  yellowish  nodular  chalk  about  20  ft.  from  the 

top  of  his  section,  and  a  similar  bed  occurs  at  the  bottom  of  the 

section  now  seen  at  Whitchurch.     There  is,  however,  a  little  doubt 

about  the  matter,  and  this  doubt  was  evidently  felt  by  the  Geological 

Survey,  for  in  one  Memoir,t  in  reference  to  this  exposure,  it  is  stated 

**itcan  hardly  be  this  one,"  and  in  a  later  Memoir  J  it  is  said  "this 

must  be  the  exposure."     Professor  Barrois  records  Inoceramus 

^uvieri  and  Micraster  cor-testudinarium  from  the  lower  part  of  the 

pit.    Mr.  H.  J.  Osborne  White§  has  also  found  near  the  base  of 

the  section   Cidaris  clavigera^    C,  sceptrifera^  and  fragments  of 

J'noceramus.     Radioles  of   Cidaris^   especially  those  of  Cidaris 

ciaxngera^  are  very  common  near  the  base  of  this  section.     Two 

•  C.  Barrois,  op.  cit..p.  148. 

t  Mttn.  G*ul,  Surv.  (Expl.  Sheet  268),  Reading,  p.  11, 1903. 
I  Utm.  Gtol.  Smrv.,  Cret.  Rocks,  vol.  ill,  p.  213, 1904. 
S  3iim,  Gtol,  Surv.,  Cret.  Rocks,  voU  iil,  p.  215, 1904. 
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examples  of  Kingena  lima  were  found  here  close  together.      The 
following  is  a  list  of  the  fossils  collected  by  us  : 

Micraster  cor-anguinum  Fydnastfr  sp. 

Cidaris  clavigera  Kingena  lima 

„       hirtido  Rhynchontlla  rttdensis 
„      peromata  Inactramus  (fragments) 

„       seep  tr if  era  Osfrea  vesicalaris 

Holaster  placenta  Spondylus  latus 

cf.  Hagenmvia  rostrata  Serpulafluctuata 

Salenia  granulosa  „       sp. 

Metopastcr  parkinsoni  Cyihenlla  muensferi 

Stauranderaster  bulbiferus         Ventriculites  cribrosus 
„  ocellatus  Meliceritites  lonsdaiei 

„  sp.  Oxyrhina  sp. 

Pentagonaster  obtusus  Fish-scales. 


BozEDOWN  Farm.    (Na  7.) 

About  half  a  mile  along  the  road  ea.st  of  Whitchurch,  at  thi^  ^f^. 
side  of  some  cottages  behind  Bozedown  Farm,  another  sectid^^^ju 
of  chalk  in  the  lower  part  of  the  Micraster  cor-anguinum  zone         ^  ^ 
seen.      Prof.  Barrois,  who  visited  this  section,  referred  it  to  H^^^^l^ 
zone   of  Micraster  cor-testudinarium^*    and    recorded    from  j> 

Inoceramus  itwoluius^  L  aivieri^  Rhynchonella  plicatilis^  Cida  -^^rit 
clavigera,  Micraster  cor-tcstudinarium,  Echinocorys  scutatus^  y^s^j^x, 
gibbus,  Asteroid  ossicles,  and  Porosphccra  globularis.      It  will  be 

seen    that   the  only  fossil  really  characteristic  of  the  Micras^mmter 
coriesfudinarium-'AOWQ  is   Echinocorys   scutatus,  var.  gibbus,  i=^uid 
even  this  fossil  is  often  found  in  the  lower  part  of  the  Micra^^stct 
cor-anguinum-zowxt.       Inoceramus  involutus  is  much  more  typ  -»cai 
of  the  M,    cor-anguinum-zoxK^,  and   Micraster  cor-testudinar^^Mm 
is  found  in  the  base  of  the  J/,  cor-anguinum-zone,  as  well  a^    iti 
the   zone   of  M.   cor-testudinarium.      The  above  list  has  l>^^n 
quoted   in  the  Survey  Memoirs,!  but  in  the  Reading  Meixrmoir 
Micraster  cor-anguinum  is   inserted   in  the  place   of  Micrc^^l^^ 
cor-tesiu  dinar  in  m. 

The  section  now  seen  shows  about  18  ft.  of  firm,  w-'Hi*-^ 
chalk,  with  three  bands  of  massive  tabular  flint  occurring  ^ 
intervals  of  from  3  to  4  ft.  These  bands  form  a  ver)'  <zO^' 
spicuous  feature.  The  flint  is,  for  the  most  part,  solid,  witl^  * 
thin,  white  cortex.  A  few  scattered  cavernous  flints  are  ^^^^^ 
between  the  above  bands.  Fragments  of  a  large  Inocerarr^^^ 
and   radioles   of    Cidaris  clavigera,    are   very  common   at       '^^ 

•  C.  Harrols.  op.  cit.,  p.  148.  m       lii. 

t  Mem.  Geol.  Survey  (Expl.  Sheet  268),  Reading,  p.  12,  1903;  Crct.  Rocks,  v-«>-^  "" 

pp.  215,  216,  1904. 
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this  section.    The  following  are  the  fossils  collected 

ster  car-anguinum  Inoceramus  cuvieri 
is  clavigera  „  (fragments) 

sceptrifera  Serpula  fluctuata 
ueticrinus  sp.  „       plana 

hanella  reedensis  Oxyrhina  mantelli 

"atula  scmi^lobosa  Reptoceratites  roivei 

ylus  latus  Stotnatopora  gracilis, 

.OAD  Running  South  from  Path  Hill.    (No.  8.) 

r  exposure  in  the  zone  of  Micraster  cor-anguinum  is 
2  west  side  of  the  road  running  south  from  Path  Hill, 
3ast  of  Whitchurch.  A  small  fault  runs  down  the 
the  pit,  with  a  downthrow  of  6  inches  to  the  east, 
f-way  up  the  face  of  the  pit  there  is  a  hard  band  of 
1  chalk,  but  no  fossils  were  found  in  it.  Columnals  of 
[=  Fentacrinus)  of  a  small  size  occur  in  the  chalk 
is  iron-stained  band.  Many  of  the  nodular  flints  are 
and  contain  flint-meal  which,  when  washed,  yields 
large  numbers  of  Ostracods,  Bairdia  subdeltoidea  being 
ommon  species.     The  following  section  is  seen  : 


ft     in. 


F 
ER 

?*UM. 


3.  Firm,    white,    closely-bedded     chalk    with 
/  several  layers  of  nodular  flints 

Micraster  cor-anguinum ^  Helicodiadima  fra- 
gile^ Metopaster  parkinsont^  Pi  tea  tula  sigillina 
(j=s  Dimyodon  niUsont)^  Serpula  ampullacea^  S, 
fluctuata^  S.  ilium  ^  S.  plana,  Bairdia  sub- 
deltotdea,  Bereniceapapillosa,  Benniaa  sp., 
Clinopora  lineata,  Entalothora  geminata,  E. 
virgula,  var.  raripora,  J£.  virgula,  var.  sub- 
gracilis ^  HomoeosoUn  sp.,  Melicerxtites  Ions- 
daleiy  Membranipora  aentata,  M.  elltptica, 
Micropora  hippocrepis ^Noielea  durobrtvensis, 
Onyckocella  depressa^  Tervia  subgracilis^ 
Vincularia  sp. 
Hard   band   of   iron-stained   chalk,  soft  in 

places      

Firm,  white,  massive  chalk  with  layers  of 
nodular  and  tabular  flints  in  courses,  and 
small    scattered   carious    flints    between 

them 

Micraster  cor-anguinum,  Echinocorys  scu- 
tatus,  Cidaris  hirudo^  C.  sceptrifera,  Iso- 
crinus  sp.,  Pycinaster  sp.,  Ostrea  vesicularis, 
Inoceramus^  Serpula  fluctuata^  Bairdia  sub' 
deltotdea,  Cytherella  muensteri^  C.  ovat^, 
Geodia  (?)  wrighti,  Membranipora  sp., 
Stomatopora  gracilis,  S.  granulata^  Cristel- 
laria  rotulata. 
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Hardwick  House.    (No.  9.) 

A  further  exposure  of  the  zone  of  Micrasfer  cor-anguinum 
is  to  be  seen  by  the  side  of  the  road  leading  off  from  the 
main  road  into  Bottom  Wood,  above  Hardwick  House,  i\ 
miles  east  of  Whitchurch.  It  extends  for  about  40  yards,  and 
shows  a  maximum  thickness  of  14  feet.     The  chalk  is  6rm,  white 

and  blocky,  and  contains  many  lines  of  solid,  black,  nodular  flints,  ^  ^ 

with  a  thin,  white  cortex,  occurring  at  regular  intervals.  •  SmallC#l^». 
scattered  cavernous  flints  occur  between  these  lines.     Fossils  are 
not  numerous,  but  two  fairly  large  examples  of  the  ovate  form  q\ 
Echinocorys  scutatus^  and  pieces  of  Micraster^  showing  the  labrun 
and  the  periplastronal  area,  were  found,  and  are  quite  suflicieor:^^^^^ 
to  determine  the  horizon.     Prof.  Barrois  mentions  this  section,* an>.K-^  j^ 
correctly  refers  it  to  the  Micraster  cor-aHj^inum-zoney  though  Ir:^   be 
did  not  find  any  fossils.     The  following  are  the  fossils  collecte^^  ::ed 
here: 


Micraster  {M.  r.a.-zone  type) 
Echinocorys  sottatuSy  var.  ovahts 
Cidaris  perornata 
„        sceptrifera 
Pycinaster  sp. 
Staura  fide  raster  sp. 
Pen tago mister  quinqutloba 
Ostrea  vesicularis 


Spondyius  laitts 
Serpula  ampuUaaa 

„      fluctuata 
Spinopora  dixoni 
Proboscina  fasciculata 
Cristellaria  rotulata 
Flabellina  cordata 
Webbina  sp. 


Mapledurham.     (No.  10.) 

In  the  woods  above  the  village  of  Mapledurham  there  ii 

large  pit  in  the  zone  of  Micraster  cor-anguinum,     A  vertical  fa 

of  about  45  feet  of  massive  white  blocky  chalk  is  exposed,  w^^ 
courses  of  solid,  black,  nodular  flints  with  a  thin  white  corC:::^ 
occurring  at  intervals  of  about  4  feet.     Thin  tabular  bands 
flint  are  also  seen.     Some  of  the  large  scattered  flint  nodules  :^»- 
carious  and  contain  flint-meal.     I-arge  pieces  of  Inoceramus 
extremely  common  at  the  base  of  the  section,  and  these  have 
noticed  by  Prof.  Barroisf,  and  in  the  Survey  MemoirsJ,  but 
other  fossils  have   been   recorded.     The  following   fossils  w 
obtained    from    the    base  of    the  pit,   the   upper    part    be 
inaccessible : 


Micraster  cor-anguinum 

„  cor-testudinarium 

Echinocorys  scutatiis 
Cidaris  clavigera 


Cidaris  hirudo 
Bourgueticrinus  sp. 
Pentagonaster  quinqutlob* 
Kingena  lima 


•  C.  Barrels,  c  /•.  c »/.,  p.  148. 
\  C.  Barrois,  op.  ctt.,  p.  148. 

i  Mem.  Geol.  iiurvey  (Expl.  Sheet  268),  Reading,  p»  X2,  1903;  Cret.  Rocks,  vol 
p.  217,  1904. 
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Inoceramus  cuvieri 

„  lamarcki 

Ostrea  curvirostris 
„       hippopodium 
„       vesicularis 
„       sp. 
Plicatula  sigillina 

{j=.Dimyodon  nilssoni) 


Serpula  ampullacea 

„        fluctuata 
Axogaster  cretacea 
Epiphaxum  auloporoides 
Porosphcera  globularis 
Stomatopora  granulata 


Park  Farm,  East  of  Mapledurham.     (No.  ii.) 

Chalk  in  the  zone  of  Micrasitr  cor-anguinum  is  exposed  in  a 
^  'n  the  middle  of  a  field  on  the  slope  above  Park  Farm,  east  of 
?Pledurham.  The  pit  is  about  22  ft.  deep,  the  lower  beds 
*5^g  covered  by  talus  for  about  6  ft.  The  chalk  is  firm  and 
[*^«,  and  contains  several  bands  of  solid,  black,  nodular  flints 
•'^  a.  thin  white  cortex.  Scattered  flints  occur,  but  they  are 
^  numerous.  No  tabular  flint  lines  were  seen.  Three  feet 
'^  the  top  of  the  pit  a  band  of  soft  mealy  chalk  is  seen, 
y*Hg  from  2  to  4  in.  in  thickness.  A  similar  band  of  soft 
^y  chalk  occurs  in  a  pit  in  the  same  zone  on  the  opposite  side 
•*^o  river,  north  of  Sulham  (see  p.  408).  The  following  fossils 
'^  collected  in  this  pit. 


JidicrcLSter  cor-anguinum 
^chinocorys  scutatus 
Gdaris  davigera 

„       hirudo 

,,      serrifera 
-^elicodiadema  fragile 
■^ourgueticrinus  sp. 
^socrinus  sp. 
^etopasfer  parkinsoni 

„  uncatus 

•^hynchonella  reedemis 
inoceramus  (fragments) 
Ostrea  hippopodium 


Ostrea  vesicularis 
Plicatula  sigillina 

(=  Dimyodon  nilssoni) 
Spondylus  spinosus 

„         latus 
Serpula  ampullacea 

„       ilium 
Epiphaxum  auloporoides 
Porosphcera  globularis 
Stomatopora  granulata 
Reptomultisparsa  sp. 
Retecavea  cretacea 


Chazey  Farm.    (No.  12.) 

Cin  the  north  side  of  the  road  above  Chazey  Farm,  west  of 
^^Tsham,  there  is  a  large  quarry  in  the  zone  of  Micraster  cor- 
T^^inum,  The  chalk,  of  which  about  45  ft.  is  exposed,  is  soft 
^  'vrhite,  the  beds  being  more  massive  at  the  base  than  at  the 
^  of  the  quarry.  Fragments  of  Inoceramus  tire  very  common, 
^^cially  at  the  bottom  of  the  section.  Many  layers  of  nodular 
^^s  are  seen  from  2  to  3  ft.  apart,  some  of  which  are  solid, 
^^k  inside,  with  a  thin  white  cortex ;  others  are  cavernous  and 
^tab  remains  of  Bryozoa.  Scattered  flints  occur  between  the 
l^^rs,  and  a  few  tabular  bands  of  flint  were  seen.  The  quarry 
^^c.  Geol.  Assoc,  Vol.  XX,  Part  5,  1908.]  28 
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has  been  described  by  Prof.  Barrois*,  and  in  the  Survey 
Memoirs,t  but  no  fossils  have  hitherto  been  recorded  from  it. 
Mention  has  also  been  made  of  it  by  Messrs.  Llewellyn 
Treacher  and  H.  J.  Osborne  White.J  The  following  fossils 
were  collected  from  this  pit : 


Micrasier  cor-anguinum 
Echinocorys  scutatus 
Cidaris  ciavigera 

„       hirtido 

„       serrifera 
Bourgueticrinus  sp. 
Nymphaster  oligoplax 
Kingtna  lima 
Thecidetitn  wethtrelli 
Spondybis  spinosus 
Fecten  cretosus 
PHcaiuia  sigillina 

{==  Dimyodon  niissoni) 
Inoceramus  (fragments) 
Ostrea  curvirostris 

„      vesicularis 
Serpuia  plana 


Parosphara  gioduiaris 

Spinopora  dixani 

Ventriculites  sp. 

Doryderma  ramosum 

Clinopora  lineata 

Crisina  unipara 

Entalophora  echinata 
„  virgula 

„  virgula^  var. 

subgradlis 

Onychoalla  depressa 

Proboscina  radiolitorum   . 

Siphoniotyphlus  plumatus 

Stomatopora  spicea 

Tervia  subf^acilis 

Vinadaria  sp. 


Caversham.     (No.  13.) 

Near  St.  Peter's  Church,  Caversham,  there  is  a  large  quarry  in 
the  zone  of  Micraster  cor-angtiinum^  showing  about    70   ft.  of 
chalk.    Prof.  Barrois,  who  desfcribed  this  section  in  i876,§  referrec^ 
it  to  his  zone  of  Marsupites^  but  he  did  not  find  any  remains  ( 
the  name- fossil,  neither  did  he  find  any  fossil  at  all  characterist^ 

of  that  zone.      This  section   has  also  been  described   by  tl 

Geological  Survey||,  mentioned  by  Messrs.  White  and  Treacher —  -   ^ 

and  has  recently  been  visited  by  the  Geologists*  Association.  ii^^ 

The  chalk  is  soft,  white,  and  in  massive  beds,  but  at  the  top  of  fl^^blie 
pit  it  seems  much  softer  and  purer.     Nodular  bands  of  flint,  w— ith 
a  few  tabular  layers,  occur  at  inter\'als  of  from  2  to  6  ft,  mi— ,r  ith 
scattered  flints  between  the  layers.     These  flints  are  mostly  so       1  id, 
black,  with  a  thin  white  cortex,  but  others,  especially  the  scatter-   x-cd 

ones,  are  cavernous  and  contain   flint-meal.     Fossils  are  fa :x  wly 

numerous,  the  most  noteworthy  being  Conulus  aibogalerus^  of 

which  fossil  two  broken  examples  were  obtained  from  the  extrt^^  ^me 
top  of  the  quarry.     A  fine  example  of  Epiaster  gibbus  was  ^r»-  ^  so 


•  C.  Barrels,  op.  cit.,p.  iiB. 
t  Mem.  Gcol.  Surv,  (Expl.  Sheet  268),  Reading, 
p.  217.  1904. 

t  Proc.  Geol.  Assoc,  vol.  xix,  pt.  9,  p.  392, 1906. 


p.  12,  1903;  CreL   Rocks,  vol. 


«4 


1904 


\  C.  Barrois.  op.  ft/.,  pp.  148,  149. 
I  Mem.  Gcol.  Surv.  (Expl.   Sheet  26S), 


-  12,  1903;  Cret.  Rocks,  vol.  Ui,  p.  2ir»  ^  ^^ 


^  Proc.  Geol.  Assoc,  vol.  xix,  pt.  9,  p.  392,  1906. 
••  Proc.  Gcol.  Assoc  vol,  xx,  pt.  3,  p.  206,  1907. 
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The  following  is  a  list  of  the  fossils  collected  here, 
id  with  an  asterisk  being  also  recorded  by  Prof. 
I  addition  to  those  in  our  list  he  records  Rhynchonella 
lerebratuiina     stria ta^    Lima    hoperi^    and     Serpula 


*er  cor-anguinum 
r  gibbus 
f  aldogalerus 
'orys  scutatus,  var. 
ramidatus 

clavigera 

hirudo 
perornata 

sceptrifera 
r  placenta 
ster  parkinsoni 
teticrinus  sp. 
um  wethertlli 
itula  carnea 
'jondla  retdensis 
lus  spinosus 
cretosus 

mus  (fragments) 
vesicularis 


Plicatula  sigillina 

(=  Dimyodon  nilssom) 
Serpula  fluctuata 

„      ilium 

„      plana 
^Forosphara  globularis 

„  patelliformis 

Berenicea  papulosa 
Entahphora  virgula 
Membra9iipora  elliptica 
Micropora   hippocrepis 
Onychocella  sp. 
Proboscina  fasciculata 
Stomatophora  granulata 
Cristellaria  rotulata 
Flabellina  cordata 
Haplophragmium  sp. 
Webbina  sp. 


Play  Hatch,  Sonning.     (No.  14.) 

i  above  the  village  of  Play  Hatch,  north-west  of  Sonning, 
zone  of  Micraster  cor-angjiinum  shows  about  30  ft.  of 
chalk.  The  beds  are  much  more  massive  at  the  base 
top  of  the  section.  Layers  of  nodular  flints  occur  at 
2  ft.  in  the  lower  half  of  the  section,  those  above 
1  more  numerous,  and  the  layers  closer  together, 
le  flints  are  cavernous  and  contain  flint-meal.  The 
jssils  were  obtained  from  this  pit.  The  absence  of 
Cidaris  is  noteworthy  : 


ter  cor-anguinum 
corys    saitatuSy 
us 

er  placenta 
ieticrinus  sp. 
ster  angustatus 
honella  reedensis 
ium  wetherelli 
imus  (fragments) 
vesicularis 
da  sigillina 
Dimyodon  nilsonni) 


Serpula  fluctuata 
var.  „      plana 

Parasmilia  mantelli 
Forosphcera  globularis 
„  pileolus 

Stomatopora  granulata 

gracilis 
Membranipora  sp. 
Haplophragmium  sp. 
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Span  Hill,  Sonning.    (No.  15.) 

By  the  west   side  of  the  road  at  Span  Hill,  north-west  o^ 
Sonning  a  section  well  up  in  the  zone  of  Micraster  coranguimn  is, 
exposed.     This  is  still  being  worked,  and  a  considerable  portiot^ 
of  the  floor  has  been  dug  out,  thus  forming  two  sections.    In  tV^^ 
lower  one,  below  some  lime-kilns,  a  band  of  iron-stained  chall^ 
hard  and  soft  mixed,  18  inches  in  thickness  is  seen.     Nodules  ^^ 
iron  pyrites  were  found  in  this  band.     Near  the  south-west  end  ^ 
the  section  there  is  a  large  "  pipe  '*  of  red  and  brown  sandy  cl^* 
mixed  with  gravel.     Fossils  are  plentiful,  the  most  interesti^^ 
occurrence  being  that  of  Conulus  albogaierus^  of  which  fossil  fo  "• 
examples  and  some  fragments  were  collected.     Immature  fon^ 
of  Salenia  granulosa  are  not  uncommon  in  the  flint-meal  obtain^ 
from  the  cavernous  flints  in  the  upper  part  of  this  pit,  but  r 
adults   have  been   found.      The  section  now  to  be  seen  is  ^- 
follows : 

ft. 
.  Soft,  white,  homogeneous,  well-bedded  chalk, 
with   lines  of  massive  black   cavernous 
flints     at     intervals     of     about     2     ft. 

much  talus  22 
Micraster  cor-anguinumy  Eckinocorys  scu- 
tatut,  var.  pyramtdahts^  E,  scutatus^  var. 
ovatuSy  Cidaris  clavigera,  C,  Airudo^  C, 
peror^ata,  Conulus  albogaUrus^  Cypkosoma 
(radioles),  Heiicodiadema  fragile^  Holaster 
placenta^  Salenia  granulosa^  BourgueticrinuSy 
Rhynchonella  reedensis^  Thecideum  wetkerelHy 
Inoceramus,  Pecten  cretosus^  Plicatula  sigil- 
lina  (=  Dimyodon  nilssoni)^  Spondylus  lotus ^ 
Serpula  ampuUacea^  S.  goniialis^  S,  plana^ 
Porosph(€ra  glohulariSy  P.  pileolus^  Spino- 
pora  dixoni^  Clinopora  lineata^  Crisina  sp., 
Entalophora  echinata^  E.  virgula,  HomeeO' 
solen  sp.,  Meliceritites  lonsdaUi^  Memhrani- 
pora  grandis^  Membranipora  sp.,  Micropora 
hippocrepis^  Nodelea  durobrivensis,  Ony- 
cnocella  depressa^  O.  lamarcki^  Probcscina 
anomala^  Siphonioiyphhts  plumatus^  Sparsi- 
cavea  caraniina^  Stomaiopora  granulatay 
Tervia  sub  gracilis ^  Vincularia  sp. 

floor  of  upper  pit 
Firm,  white  chalk  with  nodular  flints  .        ,       (C      * 
Serpula  ampullacea. 

Iron-stained  chalk  (hard  and  soft  mixed)     .        ^C 
Conulus    albogaUrus,   Eckinocorys    scutatus^ 
Cidaris    serri/era.    Porosphctra    globularis^ 
Cytherella  muensteri^  C.   ovata^  Cristellaria 
rotulata. 

Firm,  white  chalk  with  layers  of  nodular  flints 
Conulus  albogalerusy  Ctaaris  sceptrifera. 

excavation  below  lime-kilns 

From  a  comparison  of  the  essential  features  of  the  t^sf  Zs 
the  Micrasters  obtained  from  this  section,  and  from  the  sect /0J74 


Zone  of 

Micraster 

cor-anguinum. 
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Play  Hatch,  it  is  quite  obvious  that  the  former  pit  is  much 
"^gber  in  the  zone  than  the  latter.  This  is  further  verified  by 
^«e  fact  that  in  the  section  at  Span  Hill,  Conulus  albogalerus^ 
^h\Ki\x  rarely  occurs  below  the  upper  beds  of  the  Micraster  cor- 
^y^^tnum-zon^  is  fairly  common  all  over  the  section,  while  in  the 
''t  at  Play  Hatch  this  fossil  seems  to  be  absent.  As  these  two 
^^tions  are  at  about  the  same  level,  it  may  be  inferred  that  a 
*^Jt  exists  somewhere  between  them.  It  is  probably  the  con- 
?^^a.tion  of  the  fault  which  coincides  with  the  western  boundary 
^he  Reading  Beds  outlier  of  Binfield  Heath,  a  little  to  the 

The  Span  Hill  section  is  higher  in  the  zone  than  that  at 
••^''^rsham,  as  is  shown  by  a  comparison  of  the  respective 
^■^ia.s;  the  former  section  is  probably  about  60  ft.  below  the 
^^    of  Marsupttes. 

Hi.— EXPOSURES  ON  SOUTH  SIDE  OF  VALLEY 
(BERKSHIRE). 

^^i:*    BY  Wantage  Road,  North  of  Streatley.     (No.  i6.) 

I^he  large  pit  by  the  side  of  the  Wantage  Road,  north  of 
^^^^tley,  is  one  of  those  mentioned  by  Professor  Barrois,*  who 
— ^*"^ed  the  chalk  exposed  in  it  to  the  zone  of  Terebratulinay 
^<:^ugh  no  specimen  of  the  name  fossil  was  found.  Professor 
^"^'^s  also  mentions  finding  fragments  of  Chalk  Rock  on  the 
J-^3  but  he  did  not  see  it  in  situ.  Very  few  details  are  given, 
*-  the  only  fossils  which  he  records  are  Ostrea  vesicularis^ 
'^^'^mdylus  spinosus^  and  Inoceramus  (near  to)  labiatus^  but  he 
^^^  not  say  from  what  part  of  the  pit  he  collected  them, 
'^^^^tion  is  also  made  of  this  section  in  Mem.  Geol.  Surv., 
^^.  Rocks,  vol.  ii,  p.  458,  1903,  but  no  further  details  are 
^^  »,  and  nothing  is  said  of  the  Chalk  Rock.  It  will  be  noticed 
"  t  by  Professor  Barrois,  and  in  the  Survey  Memoir,  the  thickness 
^^nis  exposure  is  given  as  about  30  ft.  only.  This  section  is  a 
^^^"  interesting  one,  as  it  shows  the  passage  beds  between  the 
^^^^0^  Holaster  planus  Zind  Terebratuiina,  th^  succession  being 
^^  ^^1  of  this  horizon  in  this  part  of  the  country.  The  greater 
■^  Icion  of  this  exposure,  as  will   be  seen  by  the  section   below, 

^^^ngs  to  the  Tcrebrainiina-zont,  and,  excepting  the  small 
,^^lcness  of  chalk  below  the  Chalk  Rock  at  Basildon,  this  is  the 
.*■  3^  section  in  this  area  on  the  south  bank  of  the  Thames,  where 
'-^^  zone  can  be  seen.  Unfortunately  the  upper  beds  of  the 
^— '^ion,  which  include  the  Chalk  Rock,  are  very  difficult  of 
^^^ss,  and  much  grass  and  talus  has  to  be  removed  before  they 
~^^  be  seen ;  consequently  very  few  fossils  could  be  obtained 
^^"•^  them.  A  few  large  nodular  flints  were  noticed  in  the 
^^s  below   the   lower    marl   band,  their   occurrence  is   rather 

•  C.  Barrois,  op.  cit.^  p.  147. 
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Zone  of 

TeREBRATI'LINA. 


unusual  in  the  TerebratultHOrzon^  in  this  area.     The  following  is 
the  section  seen,  with  the  fossils  obtained  from  the  various  beds  : 

ft.  in. 

Firm,  white,  flaggy  chalk,  with  nodular  flints. 

No  fossils  seen 3      o 

Zone  of  6.  Chalk  Rock— Hard  yellowish  chalk   with 

HoLASTER  green  grains  and  layers  of  green-coated 

PLANUS.  nodules SO 

Eckinocorys  scuiatus^  var.  gMms^  cf .  Fackydis- 
CMS  ptrampius^  Terthratuia  catfuay  7*.  j#m»- 
ghbostt^  Serpmlm  mtmpmliac€a* 

f  5.  Greyish  nodular  chalk 60 

4.  BufT-coloured,  soft  marl  band       ...04 
3.  Soft  greyish  chalk,   becoming  harder  and 

whiter  below    .  .        .        .        •       ID       o 

Ttrebratuhua  grad/is,  var.   ArAi  (two  ex- 
amples), 7tretraiula  stmigioSosa. 
2.  Buff-coloured  soft  marl  band        ...04 
I.  Soft,  while,  massive,  irregular  blocky  chalk, 
with   marly  veins    and  a  few  nodular 

flints  ;  much  talus 35       o 

MkrasUr  cor^AoviSf  Hdaiter  plmnms^  Asteroid 
ossicles,  Ttrebratula  camea^  7*.  semigMosa^ 
Rkynchonella  sp.,  Spondylms  spinosus^  Plica- 
in/a  fnirroisiy  P.  sigsUma  ( =  Dimyoi/cn 
Mt/ssiniU  Inoceramus  curteru  Ostrea  vfsicu- 
lariSs  Bairdia  suhdiltouiea^  CytheftlUi  ovaia, 
'        C.  MMfHsUn\  Cristfiiaria  rotuiata, 

Basildon.     (No.  17.) 

Two  most  interesting  sections  are  seen  in  a  lane  near  milestone 
"8"  from  Reading,  by  the  north-west  end  of  Basildon  village  (see 
Fig.  29,  p.  391).  The  first  one  (A),  at  the  angle  of  the  roads,  is  the 
section  described  by  Prof.  Barrois,*  and  which  shows  the  junction 
of  the  zones  of  No/aster  planus  and  TerebnUuIipia.  A  marl  band 
is  seen  near  the  base  of  the  section,  above  which  there  are  a  few  feel 
of  greyish  nodular  chalk,  succeeded  by  a  small  exposure  of  the  base 
of  the  Chalk  Rock.  In  the  greyish  nodular  chalk  Ttrfbraiulina 
f^acili\  var.  lala  is  very  common ;  but  in  the  Chalk  Rock,  owing 
to  the  smallness  of  the  exposure,  the  presence  of  the  root  of  a  large 
tree,  and  the  chalk  and  flint  rubble  which  has  been  shot  there, 
fossils  were  very  difficult  to  find.  It  was  only  after  several  visits 
that  we  found  Eckinocorys  sattatus,  var.  gibbus  in  the  Chalk  Rock, 
and  so  proved  it  to  be  in  the  zone  of  Holaster  planus ^  for  this 
fossil  has  never  yet  been  found  in  the  zone  of  Tertbratulina.  On 
the  chalk  exposed  in  this  section  we  have  noticed  the  presence  of 
a  quantity  of  Sodium  Chloride,  which  appears  on  the  surface  of 
the  chalk  in  the  form  of  acicular  crystals.  This  salt  **  sweats  "  out 
from  the  fossils  obtained  from  these  beds,  just  as  it  does  from  the 
fossils  obtained  from  coast  sections. 

The  second  exposure  (B),  about  76  yards  farther  up  the  lane 

•  C.  Barrois,  op,  cit.,  p.  147. 
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shows  the  whole  thickness  of  the  Chalk  Rock,  with  four  feet  ot 
chalk  above  it.  Micrasters  are  common  in  the  higher  bed,  and 
the  Chalk  Rock  yielded  several  of  the  typical  fossils  of  the 
'*  Reussianum-zone "  fauna  as  well  as  a  fine  example  of  Comuins 
tUbogaleruSj  which  is  a  rare  fossil  in  the  Chalk  Rock,  or,  indeed, 
in  any  part  of  the  HoIasUr  flamuszoue.  This  section  is  the  only 
good  accessible  exposure  of  the  Chalk  Rock  visible  on  the  south 
bank  of  the  Thames  between  Moulsford  and  Marlow.  A  close 
examination  of  Section  (B)  shows  an  abrupt  change  in  the  dip  of 
the  Chalk  Rock  from  2^  south  to  3"  north,  or  towards  the  Thames. 
This  explains  its  appearance  again  at  Section  (A),  at  a  lower  level, 
the  northerly  dip  being  about  equal  to  the  inclination  of  the  road. 
The  following  are  the  sections  seen,  with  the  fossils  obtained  from 
the  various  beds : 

SECTIOX  B, 

4.  Lumpy  and  nodular  chalk,  glauconitic  at 
base,  and  there  containing  ragged  glaucon- 
itic flints 40 

MkrMter    cor-terfuJtmarstim,   M.    pro-cursor^ 
Tere^ratula  semig.'ofHfsa^  Ltma  h^^'feru  P.'t.'j- 
iulasigiUna  (^  =  Dtmrodcm  nuss^^m^yCrisUilaria 
Zone  of  rctmUta. 

H0LA5TER       ^   3.  Chalk  Rock.  Hard,  yellowish  rock  wiih  green 
PLANVS.  grains  and  layers  of  green-coated  nodules  .       5       O 

\lKrasttr  Uskei,  \f.  prctcuricr^  Eckm^orys 
scMtahts,  var.  jC''''**^.  Conu^us  aik\^jierMS* 
RhynckomfUa  reedensis^  R.  p!:catuts^  Tere- 
hratnla  carnea^  T.semigtolcsa^  PacAyJtscus  prr- 
amplus,  S'autUMS  sp.,  Heterocerjs  rrussTJHum^ 
SoUrie-ia  gtmmaia^  Dent.xliHm  turonunse^ 
StHmdyius  sfiim^sus,  Vfntruulztfs^  C^sctK.yorj. 
2,  Nodular  chalk,  just  visible. 

SECTIOX  A, 

'3.  Chalk  Rock.  Hard,  yellowish,  rocky  chalk 
with  green  grains  and  green-coated  nodules 
and   borings   (capped   by  chalk   and   flint 

ZON'E  OF  rubble) 3       O 

HOLASTER       -s         Ecktncccrys  scMtatu5^\VLT.f:if*htis,  Terehratulina 

PLAN  I' S.  striata,     Ttrehratula    semigiU^osa,    Soiiriella 

gnmmata^  Ostrea  acutirosrtris,  0.  umiflana, 

Inoctramus,   Spcndylus   sttmosHS.   Pcrosphirra 

„        gloiularist  CristeUaria  rotulata.  Fish-scales. 

f2.  Grey,  coarse,  rather  nodular  chalk  .30 

Terhratuliwa  gracilis,  var.    lata    (common), 
C9nulus  suhrfltmnaus,  Nolaster,  Ch/aris  strri- 
TeREBRATU-     -'        /fra,   Spondylus    spimosMS,   Plkatuia  sip  lima 
LINA.  I         (=iDimyodon  nilssom)^  Ostrea  vesinthris^  InO' 

cframus. 
Marl- band  (now  obscured  by  talus). 

*  Dr.  Rowe  saw  the  sp^lmen  when  thl«  paper  was  rrad.  and  he  regarded  it  asCofw/ut 
vmlt^mris  (Lamarck).  In  his  paper  on  "  The  Zones  of  the  White  Chalk,"  Part  V  ilsle  of 
Wight).  ani€  pare  mo.  he  records  two  examples,  both  crushed,  of  [conului\  rulfarU 
from  the  HoUitir  plamms-zone.  Mr.  H.  Woods  has  recorded  Echitwconus  [—  conulus] 
comeus  as  occurring  in  the  Chalk  Rock,  Quart.  Jcurm,  Cecl.  Soi\,  vol.  liii  ^iS9r),  p.  397* 
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Road  S.W.  of  Pangbourne  Church.    (No.  i8.) 

In  a  garden  at  the  side  of  some  cottages  by  the  road  running 
south-west  from  Pangbourne  Church  is  a  section  in  the  Micrasttr 
cor-angtiiNtdMzonc^  showing  a  maximum  thickness  of  about 
12  ft.  The  chalk  is  white,  soft  and  lumpy.  A  prominent  band 
of  nodular  flints  running  the  whole  length  of  the  section  can  be 
traced  near  the  base,  the  flints  being  black  and  solid,  with  a 
thin  white  cortex.  Other  flint  lines  occur,  and  scattered  flints, 
some  of  which  are  cavernous,  are  fairly  plentiful.  The  section 
was  not  in  a  very  good  condition,  and  fossils  were  not  numerous. 
I'he  following  were  collected  mainly  from  the  top  of  the  section  : 


MicrasUr  cot^anguinum 
Cidaris  ciavi^ra 

„      hirtido 

„      serrifera 
Holaster  placenta 
Metopasttr  sp. 
Rhyncfwnella  rtedemis 
Inoceramus  sp. 
Ostfta  sp. 


Piicatuia  sigiilina 

(^  Dimyadon  nilssoni) 
Serfula  fluctuata 
Bairdia  suddeitoidea 
Cythertlla  cvata 
Bereniaa  papulosa 
Homoeosolen  ramulosus 
Aodelfii  dunthrixrHSiS 
Haphphragmium  sp. 


North  of  Sulham.     (No.  19.) 

On  the  edge  of  the  woods  about  half  a  mile  north  of  Sulham, 
near  Pangbourne,  another  exposure  in  the  zone  of  MicrasUr  cor- 
anguimim  is  seen.  The  pit  is  about  20  ft.  deep,  and  on  the  east 
side  is  talused  and  grass-grown.  A  band  of  soft,  mealy  chalk  3  in. 
to  5  in.  in  thickness  is  seen  about  halfway  up  the  pit,  tlie  weathering 
of  which  allows  the  overlying  chalk  to  fall  away,  so  that  the  more 
massive  chalk  below  stands  out  and  forms  a  conspicuous  ledge 
immediately  beneath  it.  Lines  of  nodular  Hints  are  fairly 
numerous,  these  being  solid  and  black,  with  a  thin  white  cortex  ; 
a  thin  tabular  flint  line  occurs  near  the  liase  of  the  section.  A 
few  small  scattered  flints  were  seen.  Fossils  are  here  rather  rare 
but  two  examples  of  Micraster  cor'anguitium  were  found.  The 
following  were  the  fossils  collected  : 

Micraster  cor-aft^uinutn  Ostrea  hippopodium 
Echiiwcorys  scutatus  var.  „       vcskitiaris 

pyramidatus  Ptcten  sp. 

Holaster  placenta  Piicatuia  sigillina 
Cidaris  sceptrifera  (^^  Dimyodon  nilssoni) 

South  of  Sulham.     (No.  20.) 

A  small  pit  showing  about  20  ft.  of  chalk  belonging  to  the 
zone  of  jMicrastcr  cor-angNinnm  is  expensed  by  the  side  of  the 
road  running  south  of  Sulham  Church,  to  tlie  south  of  Pan^^- 


THE  ZONES  OF   THE  CHALK   Uf  THE  THAMES  VALLEY.     409 


o 

> 

K 

> 


c    w 

< 

2*    » 


c 


^  - 

c  •* 

3  ^ 

or?  w 


?      ^^ 


£       I 


WhkeHOL 


—  • -GaicSiaaiptca  F. 

Han't  Lock  WmS. 

.•••.CociBbe  Lodfe. 


•  C**<T*iia.-r 


•  — F^T  Hatci- 


cr 


b;*iH- 


4IO 


C.   p.   CHATWIN  AND  T,   H.  WITHERS  ON 


bourne.  The  chalk  is  firm  and  white,  and  the  face  of  the  pit  is 
stained  by  surface-soil.  Bands  of  nodular  flints  occur  at  intervals 
of  from  2  ft  to  3  ft.,  with  a  few  scattered  cavernous  flints  between 
them.  No  tabular  flint  lines  were  seen.  With  the  exception  of 
fragments  of  InaceramuSy  which  occur  commonly  at  the  base  of 
the  section,  fossils  are  not  very  numerous.  The  following  ' 
collected : 


Micraster  cor-anguinum 
Echinocorys  scutatus 
Holasttr  placenta 
Asteroid  ossicles 
Kingena  lima 
Inoceramus  sp. 
Ostrea  vesiailaris 


PHcatula  sigHlina 

(^=Dimyodon  missoni) 
Spondylus  latus 

„        spinasus 
Parasmilia  sp 
Farospiutra  glcbularis 


WeSTWOOD   Row,   TiLEHURST.      (No.    21.) 

At  Westwood  Row,  Tilehurst,*  to  the  north-east  of  Theale, 
there  is  a  pit  showing  25  ft.  of  soft  white  chalk  of  the  zone  of 
Micraster  cor-anquifium.  Flints  are  plentiful,  and  occur  in 
layers  about  2  ft.  apart,  with  scattered  flint  nodules  between  the 
layers.  Many  of  the  flints  are  solid  and  black,  with  a  thin 
white  cortex  ;  others,  especially  the  scattered  ones,  are  cavernous^ 
and  contain  flint-meal  with  numerous  Bryozoan  remains.  A 
small  pipe  of  crimson  clay  is  seen  on  the  west  side  of  the  pit 
Fossils,  especially  examples  of  Micraster  cor-anguinum^  are  here 
common,  and  the  following  is  a  list  of  those  collected  : 


Micraster  cor-anguinum 
Echinocorys  saitatus 
Cidaris  clavigera 

„      hirudo 

„      seep  tr if  era 
Bourgueticritius  sp. 
Aletopaster  uncatus 
Pentagonaster  quinqueloba 
Rhynchonella  reedensis 
Theadeum  wetherelli 
Inoceramus  (fragments) 
Ostrea  vesicularis 
Pecten  cretosus 


Pecten  sp. 
PHcatula  sigillina 

(=  Dimyodon  missoni) 
Spondylus  spinosus 
Serpula  plana 
Spinopora  dixoni 
Porosphara  globularis 
Berenicea  papulosa 
Memhranipora  sp. 
Proboscina  ramosa 
Stomatopora  granulata 
Webbina  sp. 


IV.— REVIEW     OF    THE    ZONES. 

Zone  of  Rhynchonella  cuvieri. 

The  only  exposure  of  this  zone  which  we  have  seen  in  theThar*" 
Valley  is  that  by  the  side  of  the  Thames,  adjoining  Clevem^^ 
Goring.     Here  the  chalk  is  hard  and  white  at  the  top,  and  pa3S 

•  Pror,  Geol,  Assoc,,  vcl.  xlx,  pt.  9,  p.  392,  1906. 
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I  into  intensely  hard  nodular  chalk,  ringing  to  the  hammer, 
containing  fragments  of  fossils,  chiefly  Inoceratnus.  This 
:  is  probably  not  far  above  the  Melbourn  Rock.  No  marl 
s  occur,  and  flints  are  entirely  absent  Probably  the  chalk 
in  the  railway-cutting  north  of  Goring  Station  is  in  this  zone, 
re  were  unable  to  obtain  permission  to  examine  it.  Owing 
B  absence  of  exposures,  it  has  not  been  possible  to  define 
mits  of  this  zone. 


Zone  of  Terebratulina. 

.ithologically  the  chalk  of  this  zone  is  firm,  white,  massive 
laggy»  and  is  softer  and  greyish  at  the  top.  Flints  are  usually 
but  some  of  a  subcylindrical  shape  are  occasionally  found, 
jometimes  a  few  nodular  examples.  Small  nodules  of  Iren- 
es and  seams  of  marl  are  not  uncommon,  and  two  prominent 
s  of  buff-coloured  shaly  marl  have  been  noticed  at  definite 
ons  near  the  upper  limit  of  the  zone.  The  upper  one  is  seen 
t  3  ft.  below  the  Chalk  Rock  at  White  Hill,  Goring,  and  6  ft. 
tr  that  bed  at  Hart's  Lock  Wood.  The  lower  one  is  seen  in 
ection  above  Gatehampton  Farm,  and  at  Streatley  both  are 

the  upper  one  being  6  ft.  and  the  lower  one  16  ft.  below  the 

cRock. 

t  the  commencement  of  our  work,  Mr.  H.  J.  Osborne  White 

IS  that  he  thought  that  the  persistent  marl  band  which  occurs 

feet  below  the  Chalk  Rock  in  this  part  of  the  country 
id  the  junction  of  the  zone  of  Terebratulina  with  that  of 
Uer planus^  but  that  he  had  obtained  no  decisive  evidence 
is  point.     We  notice  that  he  has  taken  a  marl  band  as  the 

limit  of  the  Terebrattiiinazone  in  his  description  of  a  section 
il bourne,  in  Wilts.*  So  far  as  the  Reading  district  is  con- 
d,  however,  we  are  of  the  opinion  that  the  base  of  the  Chalk 

approximates  more  closely  to  the  junction  of  the  Terebratu- 
.nd  Holaster  p/anus-zouQs  than  does  the  marly  layer  above 
oned.  At  White  Hill,  Goring,  we  obtained  three  examples 
rebraUilina  gracilis,  van  lata,  between  the  marl  band  and  the 
:  Rock,  and  at  Basildon,  on  the  opposite  side  of  the  river, 
>ssil  occurs  quite  commonly  in  the  same  position,  in  associ* 

with  Conulus  subrotundus.  Further,  Echinocorys  scutatus, 
ibbus,  though  fairly  common  even  at  the  base  of  the  Chalk 
,  has  never  been  found  below  it  in  this  district.  Mr.  Osborne 
;  informs  us  that  he  has  lately  found  Micraster  cor-bovis  and 
idea  dixoni  in  the  chalk  above  this  marl  band  near  Henley ; 
at  we  now  have  for  the  fauna  of  this  bed  Terebratulina 
is,  var.  lata,  Conulus  subrotundus^  Micraster  cor-bovis, 
idea  dixoni,  and  a  few  minor  fossils.     This  fauna  is  certainly 

*Mem.  Geol.  Surv.  (Expl.  Sheet  267)  Hungerford,  pp.  30,  21,  1907. 
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much  more  characteristic  of  the  zone  of  Terebratulina^  than  oi 
the  zone  of  Holaster  planus. 

In  our  experience  Terebratulina  gracilis^  var.  /fl/a,  ti^^ 
occurs  in  any  frequency  in  its  own  zone  below  the  lower  ^ 
band  in  this  district.  r 

We  have  had  no  opportunity  of  taking  the  measureraeiits*J 
the  thickness  of  this  zone,  as  the  lower  limit  is  not  seen  in   ^^ 
area,  but  the  section  at  Streatley  sho>vs  nearly  42  ft.  of  it. 

Zone  of  Holaster  planus. 

The  zone  of  Holaster  planus  is  represented  in  this  part  01 
the  country  by  about  6  ft.  of  Chalk  Rock  at  the  base,  succeeded 
by  a  variable  thickness  of  white  lumpy  and  nodular  chalk,  and  ^ 
the  top  a  bed  of  yellowish  chalk  varying  in  thickness  and  hajd- 
ness.  The  whole  of  this  zone  is  seen  at  Hart's  Lock  Wood,  and 
the  measurement  for  it  there  is  24  ft.  In  some  parts  of  S.  Oxon 
and  S.  Bucks,  however,  it  is  thinner.  The  upper  limit  of  this 
zone  is  not  mfrequently  marked  by  a  thin,  hard,  compact, 
yellowish  rock,  termed  the  "top"  or  "upper  rock,"  and  it  seeins 
that  where  this  is  developed  the  thickness  of  the  zone  is 
decreased.  It  may  therefore  be  surmised  that  the  presence  of 
the  "top-rock"  indicates  arrested  or  diminished  sedimentatian- 
Nodular  flints  occur  just  above  the  Chalk  Rock,  and  are  usually 
glauconitic  and  ragged. 

The  Chalk  Rock,  which  in  this  part  of  the  country  lies  wholly' 
within  the  zone  of  Holaster  planus^  presents  one  of  the  ™^^^^ 
striking  of  the  lithological  features  of  the  chalk.     This  rock-b^^ 
at  White  Hill  is  very  massive  and  compact,  being  white  at  th»-* 
top,  and  yellow  below,  the  upper  half  containing  one  band  J^^ 
green-coated  nodules,  while  the  lower  half  contains  several.   ^\^\ 
Basildon  it  is  similar,  although  less  compact  than  at  White  Hi'»-^ 
but  at  Hart's  Lock  Wood  it  is  represented  by  two  distinct  ban^    _^ 
separated  by  lumpy  white  chalk,  and  near  the  top  of  each  bai^^*^ 
there   are   layers   of  green-coated   nodules.     The  fossils  of  ^|]^^^ 
Chalk  Rock  are  much  more  common  near  the  top  of  that  b^^^ 
than  in  any  other  part  of  it.     Holaster  planus  seems  to  bemo^^ 
common  in  the  Terebraiulina-zonQ  than  in  its  own  zone.  a 

The  only  good  exposures  of  the  Chalk  Rock  on  the  souiP' 
bank  of  the  Thames,  between  Moulsford  and  Marlow,  are  seen 
Streatley  and  Basildon,  the  only  really  accessible  one  being        ^^ 
the  latter  place.     Map  268  (Reading)  of  the  Geological  Surv»^  ""^j 
shows  the  outcrop  of  the  Chalk  Rock,  and  on  the  south  ^^^^«,p 
the  Thames  this  is  indicated  as  running  roughly  parallel  to  ^^^^ 
river,  and  more  than  once  turning  at  right  angles  to  this  cour 
in   tongue-shaped   digressions   between  Streatley  and   Basildc^    > 
returning  to  a  more  regularly  parallel  course  between  Basild^^^ 
and  Pangbourne. 


i 
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I  the  Geological  Survey  Map  the  Chalk  Rock  outcrop  is 
arked  at  the  junction  of  the  roads  north-west  of  the  Inn  at 
on  Village,  but  we  have  shown  (see  p.  391  and  Fig.  29) 
le  Chalk  Rock  is  to  be  seen  where  the  roads  actually  join, 

II  as  some  yards  south-east  of  the  corner,  as  the  map 
:es. 

e  "  top-rock" — or  the  band  of  yellowish  lumpy  and  nodular 
which  is  seen  at  Hart's  Lock  Wood  and  which  may  be 
ed  as  its  equivalent — has  been  definitely  determined  by 
ical  evidence  to  mark  the  upper  limit  of  the  zone  of 
'er  planus. 

the  present  time  the  "  top-rock  "  is  not  exposed  in  any  of 
ctions  in  this  area,  but  it  was  once  seen  at  White  Hill, 
;  (see  p.  393).  It  is,  however,  exposed  a  few  miles  farther 
in  a  section  on  the  escarpment  at  Aston  Hill,*  to  the 
jast  of  Watlington,  and  here  we  have  obtained  ample 
ce  to  prove  that  it  marks  the  upper  limit  of  the  zone 
aster  planus, 

e  lower  limit  of  the  zone  has  already  been  dealt  with  in 
:tion  with  the  zone  of  Terebratulina  \  the  junction-beds 
n  the  zones  of  Holaster  planus  and  Terebraiulina  can  be 
:  White  Hill,  Streatley,  Basildon,  and  Hart's  Lock  Wood. 

Zone  of  Micraster  cor-testudinarium. 

th  the  exception  of  15  ft.  of  soft  white  chalk  above  the 
f  Holaster  planus  at  Hart's  Lock  Wood,  we  have  seen  no 
re  of  the  zone  of  Micraster  cor-iestudinarium  in  the  Valley 
Thames  above  Reading.  There  is,  however,  a  considerable 
chalk  in  the  railway-cutting  west  of  Pangbourne  Station,  of 
a  section  is  given  in  the  Survey  Memoirs,t  and  the 
^restern  end  of  this,  judging  from  its  position,  cannot  be 
3ve  the  Chalk  Rock.  In  our  opinion  the  greater  portion 
cutting  near  the  railway  bridge,  a  mile  and  a  half  north- 
•  the  Station,  belongs  to  the  zone  of  Holaster  planus^  with 
hickness  of  the  Micraster  cor-testudinarium  zone  above  it. 
iew  has  been  strengthened  by  the  fact  that  some  years  ago- 
lewellyn  Treacher  found  near  the  railway  bridge,  in  the 
r  chalk,  a  few  feet  above  the  base  of  the  cutting,  no  less 
wenty  examples  of  Echinocorys  scutatus,  var.  gibbus.  At 
Durne  Station,  owing  to  the  dip  of  the  beds,  the  cutting  will 
•ly  be  found  to  show  the  whole  thickness  of  the  zone  of 
ter  cor-testudinarium^  for  the  zone  ot  Micraster  cor- 
urn  is  exposed  about  half  a  mile  to  the  south-west  at  pit 
.     Unfortunately  we  have  been  unable  to   examine   this. 

r.  C€a/.  Sutx'ty,  Cret.  Rocks,  vol.  iii,  p.  209,  1904. 

).  Gtol.  Siirv.  (Expl.  Sheet  368;,  Reading,  pp  10,  11,  1903,  Cret  Rocks,  vol.  iii, 

14. 1904. 
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exposure,  owing  to  the  consideration  of  the  Directors  of  the  Gr« 
Western  Railway  for  our  personal  safety. 

The  junction  of  this  zone  with  that  of  Holaster  planus  can  tie 

seen  at  Hart's  Lock  Wood,  as  already  mentioned,  but  in  "^^^  he 
absence  of  exposures  in  this  area,  we  have  been  unable  to  de^E^n^ne 
its  upper  limits.  Mr.  Jukes-Browne*  estimates  the  thicknes^B-  of 
this  zone  in  the  Thames  Valley  as  60  fL  but  in  our  opii^  ^b^od 
it  is  considerably  less. 


Zone  of  Micraster  cor-anguinum. 

The  chalk  of  this  zone  is  fairly  soft  and  white,  and  cont.^3BLJns 
many  layers  of  nodular  flints  close  together;    also  band^        of 
tabular  flints,  which  sometimes  occur  along  the  bedding  pla^jr^es^ 
and  numerous  scattered  examples.    The  nodular  flints  are,  in  s«:>S3ie 
cases,  solid,  black,  with  a  thin  white  cortex ;  others,  espec-a sm.\\y 
the  scattered  ones,  are  cavernous  and  contain  meal  rich    *^»Hitb 
remains  of  Br)'Ozoa.    These  cavernous  flints  are  well  seen  ir&    X}kt 
sections  at  Chazey  Farm,  Caversham,  and  Tilehurst. 

On  the  north  side  of  the  Thames  the  base  of  this  zone  is     first 
seen  at  Whitchurch,  and  proceeding  towards  Caversham,  owing  ^? 
the   south-easterly  dip  of  the  beds,  the  horizon  of  the  pits     is 
gradually  higher  in  the  zone,  although  their  level   is  about      the 
same.     The  essential  features  of  the  tests  of  the  Micrasters  fou»f* 
in  the  first  two  pits,  viz.,  Whitchurch  and  Bozedown  Farm,   indi- 
cate the  extreme  base  of  the  zone,  while  at  Caversham,  Copt'^^"^ 
aibogalerus  and  the  accompanying  Micrasters,  indicate  the  upP^^ 
part  of  the  zone.     On  the  other  side  of  the  Thames,  beds    vc^ry 
near  the  base  of  the  zone  are  seen  at  Pangbourne,  and  the  dip  ^ 
the  beds  brings  the  horizon  of  the  pits  at  Sulham  and  TilehU*^^ 
much  higher  in  the  zone.     Mr.  Osborne  Whitef  mentions    ^J^*^ 
occurrence  of  a  hard  band  of  yellowish  chalk  in  this  zone  in    tJ^^ 
country  farther  west,  and  inclines  to  the  opinion  that  it  occurs    ^' 
a  definite  horizon,  60-70  ft.  below  the  upper  limit  of  the  ^^^^^ 
Near  the  base  of  the  section  at  Span  Hill  we  have  noticed  a  ^^"^^ 
yellowish  band,  which  is  probably  at  about  the  same  horizor\  ^Z 
the  hard  yellowish  band  mentioned  by  Mr.  H.  J.  Osborne  Whi^  -' 
Another  such  band  can  be  seen  in  the  pit  at  Path  Hill,  whict*     ^ 
at  a  considerably  lower  horizon. 

The  junction  between  the  zones  of  Micraster  cor-anguif^ *^ 
and  M.  cortestudinarium  is  not  seen  in  any  of  the  sections.  -^ 

Judging  from  all  the  exposures  seen  on  the  north  bank  o^  ^^ 
Thames,  the  thickness  of  the  zone  of  Micraster  cor-anguinuff^  9 
far  as  it  is  represented,  must  be  at  least  200  ft. 

•  yitm.  Gtol,  Sun:  /Expl.  Sheet  268),  Reading,  p.  10,  1903, 

t  Mem.  Gcol   Sutv.  (Expl.  Shet't  267).  Hungedord,  p.,  22,  1907. 
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v.— SUMMARY    AND    CONCLUSION. 

Although  we  have  been  able  to  collect  sufficient  evidence  to 
snnine  the  zones  exposed  in  all  the  pits  in  this  area,  our  list  of 
ils  is  not  large ;  for,  with  one  exception,  all  the  pits  are  now 
ised,  and  a  good  number  of  them  are  in  the  lower  part  of  the 
rraster  car'an^uinumzone,  at  which  horizon  fossils  are  usually 
-ce. 

1^0  chalk  older  than  the  zone  of  Rhynchonella  cuvieri^  and 
le  newer  than  that  of  Micraster  cor-anguinum^  is  exposed  in 
^  area. 

We  have  definitely  determined  that  the  "top-rock" — or  the 
id  of  yellowish  lumpy  and  nodular  chalk  seen  at  Hart's  Lock 
K)d,  and  which  may  be  regarded  as    its  equivalent — marks 

junction  between  the  zones  of  Holaster  planus  and  Micraster 
•Ustudinarium, 

The  most  important  fact  ascertained  during  this  examination, 
hat  the  base  of  Chalk  Rock  marks  the  junction  between  the 
\t  {A  Holaster  planus  and  that  of  Terebratulina  in  this  district. 

The  thickness  of  the  zone  of  Holaster  planus  in  this  district 
24  ft,  this  measurement  being  taken  from  the  section  at 
ufs  Lock  Wood. 

At  Hart's  Lock  Wood,  near  the  top  of  the  nodular  beds 
o?e  the  Chalk  Rock,  and  at  Basildon  just  below  that  bed 
« p.  406),  we  have  noticed  the  presence  of  Sodium  Chloride 

some  quantity.  It  appears  on  the  surface  of  the  chalk  in  the 
m  of  acicular  crystals,  which  have  a  strong  saline  taste.  We 
^e  looked  for  an  explanation  of  its  occurrence  in  such  quantity 
an  inland  section  but  as  yet  are  quite  unable  to  account  for  it, 
*pt  on  the  supposition  that  it  is  a  relic  of  the  salt  of  the 
!an  in  which  the  Chalk  was  deposited.  The  presence  of 
i^mon  salt  in  considerable  quantity  in  chalk  of  the  Micraster 
^nguinumzone  at  Woodford,  near  Salisbury,  has  been 
^rded  by  Mr.  W.  P.  D.  Stebbing  in  the  report  of  the  excursion 
Saster,  1903.  He  mentions  that  the  occurrence  was  regarded 
Unique   in   the  district.*      The   subject  of  saline  waters  in 

Chalk  has  been  discussed  to  some  length  in  the  Survey 
nooir  on  the  Cretaceous  Rocks,  vol.  iii,  p.  438  et  seq.^ 
^  to  this  chapter  the  reader  should  refer.  Our  attention  has 
^  drawn  to  a  fluffy  efflorescence  on  chalk,  and  we  have 
pelves  noticed  it  in  the  field,  but  this  has  no  saline  taste,  and 
'^rs  in  other  respects  from  salt  above  mentioned. 

In  conclusion  we  must  tender  our  best  thanks  to  Dr.  F.  A. 
^Vier  and  Mr.  C.  Davies  Sherborn  for  kind  encouragement  and 
''ice,  to  Dr.  G.  J.  Hinde  for  describing  the  sponge  in  the 
^pendix,  and  reiterate  our  acknowledgments  to  Mr.  H.  J. 
'Vx)me  White. 

•  Prof,  Gtol.  Assoc,  vol.  xvlil  p  147. 
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VI.— LIST  OF  FOSSILS. 

Only  the  megascopic  Foiaminirera  have  been  included  in  the 
following  list.  The  Cyclostomatous  Bryozoa  have  been  kindly 
determined  by  Mr.  W.  D.  Lang,  and  for  lists  of  fiiyozoa  from 
several  of  the  pits  we  are  indebted  to  Mt  Llewellyn  Treacher. 
For  the  most  part  the  Asteroids  have  been  kindly  determined  by 
Mr.  W.  K.  Spencer,  mainly  from  isolated  marginal  ossicles.  It 
will  be  noticed  that  Vertebrate  remains  are  only  very  pooriy 
represented. 


A\ 

M 

J 

i 

Ijl 

Cristellaria  rotulata,  Lamarck 

X 

X 

X 

X 

Flabellina  cordata,  /ieuss            

X 

... 

•«• 

••• 

Haplophragmium  sp 

X 

•  •« 

.*• 

X 

.*• 

Placopsilina  ccnomana,  d'OrSignv 

... 

... 

... 

••• 

X 

Wcbbina  sp.           ', 

^ 

... 

... 

... 

... 

Camerospongia  capita ta,  T,  Smith 

... 

X 

Coscinopora  sp 

... 

X 

... 

... 

Dorydcrma  ramosum,  ManttU     

X 

... 

... 

... 

•  •• 

Gcodia  (?)  wrighti,  Hindi           

X 

... 

... 

... 

... 

Plocoscyphia  convoluta,  T.  Smith 

... 

... 

X 

•  ■• 

... 

Porospha^ra  globularis,  FhilL      

X 

... 

X 

... 

•  •• 

„           patclliformis,  Hindt 

X 

... 

... 

... 

... 

„           pileolus,  Lamarck 

X 

... 

... 

... 

Ventriculites  cribrosus,  PkilL      

X 

... 

... 

... 

M                      sp 

X 

... 

X 

...        '       ... 

•Vcnrucocoslia  tuberosa,  sp.  n 

... 

... 

X     '    ... 

Axogaster  cretacea,  LonsdaU      

X 

, 

Epiphaxum  auloporoidcs,  LonsdaU 

X 

... 

... 

:::  ]  ::: 

Parasmilia  mantelli,  Edwards  and  Haimt 

X 

... 

... 

1 

n         sp 

X 

... 

1 

Spinopora  dixoni,  LonsdaU         

X 

X 

!!*  '  ... 

Berenicea  papillosa,  Renss          

X 

...  (  ... 

sp 

X 

... 

Clinopora  Imeata,  Btissel            

X 

X 

... 

;;.*  i .'!" 

Crisina  unipora,  d'Orhigny          

X 

... 

... 

1  ^  ^ 

Crisina  sp 

X 

... 

... 

Kntalophora  echinata,  Reuss       

X 

... 

„            gcminata,  Hagenow 

X 

... 

'^" 

„            virgula,  Hagtnow 

X 

... 

... 

... 

„                 „     var.  ruripora,  Btissel 

X 

... 

... 

„                 „     var.subgracilis,</'C7r3. 

X 

!!! 

Hippothoa  dispersa,  Nagenow     

... 

... 

X 

Horaocosolen  ramulosus,  LonsdaU 

X 

... 

... 

.'..* 

sp 

X 

... 

... 

1 

... 

*  See  Appendix,  p.  430. 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Meliceritites  loosdalci,  Gregtrry  ... 
AlembraDiponi  dentata,  d^Orlngmy 

„  elliptic^,  /deMSS    ... 

„  grandii,  d'Orbigi^ 

f}  P*  ***         *** 

Micropon  hippocrepis,  Goidfuss 
^odelea  durobrivensis,  Gregory  ... 
Onychocella  depressa,  Hmgenaw 

„  lamarcki,  Hagenovc 

„  sp 

Proboscina  angustata,  d  C  rbiguy 

„         anomala,  Reusi 

f,         fasciculata,  Reuss 

„         radiolitorum,  d'Orbigny 

,,         raznosa,  M.  jEdwards 
Reptoceratites  rowd,  Gregory 

Reptomultisparsa  sp 

Retecavea  cretacea,  Edto. 
Siphoniotypblus  plumatus,  Lonsdale 
Sparsicavea  carantina,  d'Orbigny 
Stomatopora  gracilis,  Af.  Edxtards 

f,  granulata,  Af.  Edwards 

„  spicca,  Gregory 

„             sp.  cf.  calypso,  d^Orbigmy . 
Tervia  subgradlis,  ^*CV^^«>' 
VtDcuUria  sp 

Bourgueticrinus 

Isocrinus  (=»  Penucrinus) 

Metopaster  parkinsoni,  Forbes    ... 
„  uncatus,  Forbes 

«P 

N3nnpbaster  oligoplax,  Sladen    ... 
Pentagonaster  quinqueloba,  Gold/uss 

^  obtusus,  Forbes     ... 

Pyctnaster  angusutus,  Forbes     ... 

»P 

Staunoderaster  bulbiferus,  Forbes 

„  ocellatusi  Forbes        .    . 

»P 

-Asteroid  ossicles 

Ordiaster  pygmaeus,  Forbes 

Cidaris  clavigera,  KOmg 

„       binido,  Sarignet 

„       perornata,  Forbes 

„      sccptrifera,  Mantell 

„      seirifera,  Forbes 

T«       »P 

^s^ulus  albogalerus,  Leske 
^        OLStATieai,  A/,  BroHgniart 
oc  Geol.  Assoc.,  Vol.  XX,  Part  5,  1908.] 


X         

X         

X  ...          X 

X  ...            X 

X         

X         

X  

X  X 

X  

X  ...            X 

X  

X  

X 

X  

X  

X  X 

X  ...            X 

XXX 

X  

X  

X  

X  

X  

X  

X  

X  

X  

X  

XXX 

X  ...      ]      ... 

X  

X  

X  ...    ■    ... 

X  ...      !      X 

X  ...     I     ... 

X  ...      !      ... 


m 
5  ^  i 


X 
X 
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^\i 

'II 

ill 

^% 

ill 

f 

si 

l\ 

« 

Conulus  subrotundus  Manttll 

X 

Cyphosoma  sp 

X 

••• 

... 

.■• 

... 

Discoidea  dixoni,  Forbis 

... 

... 

... 

••• 

X 

Echinocorys  scutatus,  LisJki        

X 

... 

... 

... 

... 

„           var.  gibbus 

... 

... 

X 

... 

... 

„            var.  ovatus 

X 

... 

... 

... 

... 

„           var.  p^Tadmidatus 

Epiaster  gibbus,  Lamarck           

X 

X 

... 

... 

... 

cf.  Hugenowia  rostrau,  Forbts 

X 

••• 

... 

•  «• 

... 

Helicodiadema  fragile,  Wiltskire 

X 

«•• 

... 

... 

... 

Ilemiaster  minimus,  Afasstt      

... 

... 

... 

..a 

X 

liolaster  placenta,  AgassiM         

X 

... 

X 

... 

... 

„         planus,  ManUlL 

.«• 

... 

X 

X 

... 

X 

... 

■  a. 

„        cor-bovis,  torhii         

•  •• 

... 

X 

X 

... 

„        cor-testudinarium,  Goldfius  ... 

X 

... 

X 

... 

„        leskei,  DnnumHns       

... 

... 

X 

... 

... 

„        praicursor,  Roiv4         

... 

X 

X 

1 

... 

Salenia  gRinuIosa,  Forhts            

X 

... 

Serpula  ampullacea,  Soxverhy      

X 

X 

X 

„       flucliiala,  Soxverhy            

X 

X 

... 

•  >. 

... 

„       gordialis,  Schlothtim        

X 

...  1  ... 

1 

... 

„       ilium,  Goiiif^ss 

„       plana,  iT.  WooUwani       

X 

1    — 

... 

X 

... 

... 

1 

X 

M       sp 

Kingcna  lima, /?^rtifc/ 

X      :     ... 

... 

... 

... 

X 

X 

... 

Rhynchonella  cuvicri,  iVOrhigny 

... 

... 

■       X 

1     ^ 

„            \\TDi\a^A^Schlothelm 

...      1      X 

X 

1     .-. 

... 

„            plicatilis,  Scwetby 

X 

I 

1 

... 

„            reedcnbis,  Etheridge 

"^     1 

X      1      ... 

X 

1 

... 

sp 

1 

■  .. 

X 

... 

Tcrcbratula  cainea,  Sinverhy       

X      .      X 

X 

X 

... 

„          semiglobosa.  Sowtrhy 

X 

X 

X 

X 

X 

Terebraiulina  gracilis,  var.  lata,  £theridf:e 

... 

... 

X 

... 

striata,  Davidson 

... 

... 

X 

Thecideum  wciherelli,  Morris     

X 

... 

... 

DcnUilium  turonicnse,  Woods     

X 

1 

ricurotoiuaria  persnecliva,  Alanteli 
Trochns  schliileri,  Woods 

•  ...    !    ... 

X 

... 

... 

X 

... 

Solariclhi  gemmata,  Sowerhy       

X 

... 

Lima  hopcri,  Mantfll       

; 

1 

X 

X 

1 

Inoccrainus  cuvieri,  Soxverhy        

1      X 

... 

X 

... 

„           la  b  i  a  I  u  s,  Schlotheim  ... 

' 

... 

... 

... 

X 

,,          laniarcki,  Paik 

;    X    ,    ...    !    ... 

.. 

sp 

1          ' 

1    ...    1    ... 

X 

... 

,.          (Iragmenls) 

1      X 

X 

X 

... 

Oslrca  acutirDstiis,  Xtlsson 

X 

„      cuiviiostiis,  AV/jio« 

X 

... 

1 

,,      vcsicularis,  Lamarck 

X 

X 

X 

.. 

THE  ZONES  OF  THE  CHALK    IX  THE  THAMES   VALLEY.      419 


1 

Zone  of 
crasier  cor- 
tuUinartum. 

1U 

Il 

s- 

si 

a 

& 

Ostrea  scmiplana,  Sowtrhy         

X 

«      sp 

X 

... 

... 

X 

Pectcn  cretosus,  Defranct            

X 

»t      sp 

X 

... 

•  . 

... 

Plicatula  barroisi,  Ftron ■ 

... 

... 

X 

„        sijjfillina,  Woodward  (=Diniyo-! 

don  nilssoni,  Mag.') 

X 

X 

X 

X 

X 

Spondylus  latus,  Sowtrby            ' 

X 

X 

... 

X 

„          spinosus,  Sowtrby       

X 

... 

X 

X 

... 

sp 

... 

... 

... 

X 

... 

sp 

... 

... 

... 

X 

Heteroceras  reussianum,  d^Orhtgny 

X 

Nautilus,  sp.          

... 

... 

X 

... 

... 

Pachydiscus  pcramplus,  ManttU. 

... 

... 

X 

... 

Bairdia  subdeltoidea,  MunUer 

X 

X 

X 

... 

Cytherella  muensteri,  ^Jm^r      

X 

X 

„        ovata,  Rdmtr 

X 

X 

X 

X 

... 

Scalpellum  sp 

... 

... 

... 

X 

... 

Oxyrhina  mantelli,  Agassis        

X 

... 

X 

... 

Ptychodus  sp 

... 

... 

X 

... 

Fish-scales 

X 

... 

X 

X 

... 

Fish  vcrtcbrx       

X 

... 

... 

... 

v^ 


to  the  genus  I'ernhOtd'/ia^  Etall 
s[)e(:inK-n  is  fairly  well  shown,  but 
has  disappeared  in  the  fossili/atioi 
faint  casts  of  the  spicular  wall  re' 
to  indicate  the  group  to  which  it 
other  features  it  may,  in  my  O] 
species  with  the  characters  describ 


Verrucocoelia  tu 


Fig.  31. —  Verrucocof ha  tuberose 
the  lateral  tubes  and  the  trunca 
size.     Chalk  zone  of  Tirebratultm 

In  outline,  the  sponge  is  ( 
truncated  summit  and  rounded  b; 
a  small  projection  in  the  centre  of 
have  been  sessile.     Near  the  has 


Plate  XXIV. 
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APPENDIX. 

ON  A  NEW  SPONGE  FROM  THE   CHAL 
GORING-ON-THAMES. 

By  GEORGE  J.  HINDE,  Ph.D.,  F.R.S. 

The  fossil  sponge  submitted  to  me  by  Messrs.  C.  P.  ( 
T.  H.  Withers  appears  to  be  a  dictyonine-hexactinelli 
to  the  genus  Verrucocalia^  Etallon.  The  outer  f< 
specimen  is  fairly  well  shown,  but  the  original  silice< 
has  disappeared  in  the  fossilization,  and  only  here  an 
faint  casts  of  the  spicular  wall  recognisable  ;  sufficie; 
to  indicate  the  group  to  which  it  belongs,  and  judg 
other  features  it  may,  in  my  opinion,  be  regarde< 
species  with  the  characters  described  below. 


Verrucocoelia  tuberosa,  sp.  nov. 


Fig.  31. —  Verrucoccelm  tuberosa,  sp.  nov.  Side  view  si 
the  lateral  tubes  and  the  truncate  summit  osculum.  ? 
size.     Chalk  zone  of  7 erebratuitna.     White  Hill,  Goring. 

In  outline,  the  sponge  is  ovate  or  barrel-shaj 
truncated  summit  and  rounded  base.  No  stem  is  p 
a  small  projection  in  the  centre  of  the  base,  and  the  \ 
have  been  sessile.  Near  the  base  the  sponge-wall  is 
form  rounded  vertical  ridges  with  deep  intervening  ( 
these  folds  pass  upwards  into  cylindrical  or  compres 
vertical,  tubes,  with  rounded  or  truncate  summits  and 
oval  apertures,  which  communicate  with  the  axial  ca 
sponge.  Near  the  top  of  the  sponge  there  is  anotl 
much  shorter  tubes,  which  arc  irregularly  disposed,  i 
directly  outwards.     The  summit  of  the  sponge  consist* 

(Concluded  on  p.  iii  cf  wrapper.) 
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circular  oscular  aperture,  about  double  the  breadth  of  the  lateral 
tubes,  which  is  the  outlet  of  the  central  cavity. 

Casts  of  a  distinct  reticulate  dermal  layer  bounding  small 
circular  ostia  are  shown  on  some  parts  of  the  outer  wall  of  the 
sponge,  and  more  rarely  some  minute  points  indicate  the 
quadrate  mesh  of  the  inner  part  of  the  wall ;  these  are  the  only 
traces  of  the  original  skeleton  now  remaining. 

The  specimen  is  46  mm.  in  height  and  34  mm.  in  breadth. 
There  are  about  eight  of  the  lower  series  of  longer  upright  tubes ; 
these  are  15  mm.  on  an  average  in  length,  and  7  to  9.5  mm.  in 
breadth.  Of  the  shorter  tubes  in  the  upper  part  of  the  sponge  six 
are  present ;  they  are  about  4  mm.  in  length  by  7  mm.  in  breadth. 
The  summit  osculum  is  15  mm.  in  breadth.  The  spicular  wall  is 
[  mm.  in  thickness. 

From  Verrucocalia  i^Brachiolites)  tubulata^  Toulmin  Smith 
^Ann.  and  Mag.  Nat  Hist.,  vol.  i,  2  Sen,  1848,  p.  366,  pi.  XV, 
^g*  7)}  ^^6  present  form  is  distinguished  by  the  lesser  number  and 
different  form  and  arrangement  of  the  lateral  tubes  and  the  well- 
defined  oscular  aperture.  It  should  be  noted,  however,  that  the 
upper  part  of  Toulmin  Smith's  type  (now  in  the  British  Museum, 
Natural  History)  is  defective,  and  it  may  have  possessed 
originally  an  osculum,  though  that  author  states  that  there  is 
generally  no  marked  distinct  opening  to  the  central  cavity,  but 
that  it  is  surrounded  on  all  sides  by  the  tubes.  But  even  if 
V»  tubulata  possessed  a  distinct  osculum,  its  other  characters 
would  sufficiently  differentiate  it  from  V,  tubtrosa. 

At  first  sight  the  present  species  bears  a  nearer  resemblance 
to  Verrucocalia  uva/ormis^  Pocta  (Sitzungsber.  d.  konigl.  bdhm. 
Gescllsch.  d.  Wissensch.,  1885  (Prag.),  p.  5,  pi.,  figs.  5,  6),  from 
the  Bohemian  Cretaceous,  but  here  again  the  form,  disposition 
and  apertures  of  the  lateral  tubes  markedly  differ  in  the  two 
species,  and  moreover  in  the  Bohemian  sponge  there  is  no 
distinct  osculum,  only  a  small  tube  at  the  summit. 

The  only  example  yet  known  of  this  species  was  obtained  by 
Messrs.  Chatwin  and  Withers  from  the  zone  of  Terebratulina 
in  the  lower  section  (A)  on  White  Hill,  E.N.E.  of  Goring-Station. 
<See  page  394,  and  Fig.  28,  p.  391). 
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THE  CHALK  AREA  OF  WESTERN   SURREY. 

Bt   GEORGE    WILLIAM    YOUNG,    F.G.S. 
{"Read  Jung  jiA,  1907.) 

THIS  paper  is  in  continuation  of  one  read  before  the  Asso- 
ciation two  years  ago,  when  the  Chalk  area  of  the  north- 
eastern part  of  the  county  was  dealt  with.* 

The  district  under  consideration  extends  from  the  River  Mole 
on  the  east  to  the  county  boundary  at  Farnham  on  the  west 
The  width  at  the  eastern  end  of  the  area  is  about  four  miles,  its 
northern  and  southern  limits  being  marked  by  the  towns  of 
Leatherhead  and  Dorking  respectively.  Westwards  the  outcrop 
narrows  until  at  Guildford,  where  it  is  cut  through  by  the  gorge 
of  the  Wey,  it  is  but  a  mile  wide.  From  Guildford  to  Farnham 
the  Chalk  is  confined  to  the  bold,  narrow,  long,  and  straight  ridge 
known  as  the  Hog's  Back,  and  here  the  outcrop  is  only  from  half 
to  a  quarter  of  a  mile  in  width.  The  district  is  bounded  on  the 
north  by  the  Tertiary  beds  of  the  London  Basin,  and  on  the 
south  by  the  Selbornian  and  Lower  Cretaceous  beds  of  the 
Weald. 

In  my  previous  paper  I  remarked  upon  the  slight  amount  of 
detailed  work  that  had  been  done  upon  the  Chalk  in  Surrey, 
especially  in  regard  to  the  higher  zones.  Those  remarks  apply 
with  especial  force  to  the  western  area.  The  Tertiaries  above 
and  the  Greensands  below  have  had  their  admirers  and  devotees, 
but  the  Chalk  seems  to  have  been  left  severely  alone.  The  fullest 
account  is  that  of  Mr.  Jukes-Browne  in  the  Survey  Mmoir^^ 
but  the  pits  described  therein  are,  without  exception,  confined  to 
the  face  of  the  escarpment.  The  only  description  I  have  been 
able  to  find  of  a  section  in  any  other  position  is  that  of  Hawkshill 
pit,  near  Leatherhead,  to  which  Professor  Seeley  used  to  take  his 
field-class.  J 

Dr.  Barrois  gave  a  short  account  of  the  traverse  at  Guildford 
in  his  "  Recherches,"§  and  the  Geologists'  Association  has  also 
visited  Guildford  on  several  occasions,  but  the  Chalk  has 
usually  been  a  minor  feature  of  the  excursion. 

This  neglect  of  the  Chalk  of  Surrey  seems  strange  when  one 
considers  the  interest  of  its  stratigraphy,  and  the  varied  physical 
beauties  of  the  landscape  which  reward  the  observer  at  every 
step,  and  the  problems  concerning  denudation  which  are  con- 
tinually being  presented  to  him  for  elucidation. 

I  have  followed  the  plan  adopted  in  my  previous  paper  of 

•  Proc,  Geol.  Assoc,  vol.  xix  (1905),  p.  188. 

f  A.  J.  Jukes-Browne,  "  The  Cretaceous  Rocks  of  Britain,"  Mem,  Gtol^  Sutv.,  vols,  il 
and  tii. 

1  Handbook  of  the  London  Geological  Field  Class,  1892,  p.  iza 

$  "  Recberches  sur  le  Terrain  Cr^tac^  Sup^rieur  de  I'Angleterre  et  d'Irlande  '* 
1876,  p.  140.  * 
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numbering  every  pit  marked  on  the  6-in.  Map,  and  a  complete 
list  will  be  found  on  pp.  441-450. 

The  total  number  of  sections  in  the  area  is  128,  of  which 
I  have  visited  all  but  five.  Owing  to  the  narrowness  of  the  out- 
crop the  pits  are,  for  the  most  part,  arranged  in  two  linear  series, 
the  one  bordering  the  Tertiary  and  the  other  the  Selbornian 
margin.  In  thirty-nine  instances  there  is  no  exposure,  the 
Chalk  being  entirely  obscured  by  vegetation  or  soil-covered  talus. 
I  was  much  impressed  with  the  great  size  of  many  of  the 
abandoned  pits,  a  large  proportion  of  which  are  near  the 
Tertiary  border.  They  apparently  date  back  to  a  time  when 
*' marling  with  chalk"  was  an  agricultural  operation  far  more 
widely  practised  than  at  present.  Many  of  the  very  large  ones 
are  quite  remote  from  towns,  so  it  is  unlikely  that  the  chalk  was 
got  for  building  purposes.* 

Owing  to  the  rather  complicated  nature  of  the  stratigraphy  it 
will  be  more  convenient  to  defer  the  detailed  description  of  the 
physical  features,  and  to  deal  first  with  the  zonal  succession. 


THE   ZONAL   SUCCESSION, 

Upper  Chalk  =  Senonlan, 

Zone  of  Marsupites  testudinarius. 

A  careful  examination  of  the  Chalk  along  the  Tertiary  border 
east  of  the  River  Mole  having  resulted  in  the  finding  of  a 
continuous  band  of  the  Marsupiies-zontj^  it  was  only  reasonable 
to  suppose  that  the  zone  would  continue  west  of  that  river  until 
it  joined  with  its  proved  occurrence  in  North  Hampshire.  In 
that  county  it  has  been  found  in  many  places,  the  most  easterly 
being  at  Crondall,  near  Farnham,  where  its  presence  is  recorded 
by  Messrs.  Treacher  and  White,J  an  observation  I  am  personally 
able  to  confirm. 

Dr.  Barrois,  whose  work  in  Surrey  was  done  at  great  speed, 
placed  all  the  Chalk  of  that  county  which  was  in  contact  with  the 
Tertiaries  in  the  Afarsu/>iV€s-zone,^  but  as  this  has  not  been 
accepted  by  English  writers,  a  short  explanation  of  the  position 
may  not  be  out  of  place. 

In  this  connection  it  must  be  remembered  that  Dr.  Barrois' 
zone  of  Marsupites  in  Surrey  is  more  comprehensive  than  the 
limits  he  assigns  to  it  elsewhere. 

In  correlating  the  Surrey  Chalk  with  that  of  other  localities  he 

*  On  this  point  see  Dr.  Rowe's  remarks,  ant;  p.  249;  Crtt,  Surv,  Mtm,,  vol.  ill,  p.  391 ; 
tad  Board  of  Agriculture  Leaflet.  No.  170.  The  latter  can  be  obtained  gratis  and  po&t 
tne  from  4.  WUtehall  Place,  S.W. 

fProc.  Giol.  Aisoc,  vol.  xiz,  p.  196. 

i  Proc,  Gtoi.  Assoc,  vol.  xiz,  p. 380. 

i  Op.  at,,  p.  139. 
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tabular  form,  as  below  : 

ZONAL   CLASSIKICWriOX 
IN    SU 


C,  Eifansi  187a 

Dr.  Barrois,  1876,! 

TtRTURV 

Outcrop  1  mile 

wide, 

un  described 

(roo  feet  m 

thickness)* 

Marsupitis^ 

Purley  beds* 

Upper  Ken  ley 
beds. 


T  rttsrat-  liTr^ntpv 


Mkraster 
cor-angttinum. 


JficrasUr  cor- 

tistudinarium , 
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The  result  of  this  error  in  regard  to  the  base  of  the  zone, 
coupled  with  the  absence  of  any  record  of  Marsupites  itself,  was 
to  cause  later  writers  to  consider  the  highest  beds  of  chalk  in 
Surrey  as  being  of  the  zone  of  Micraster  cor-anguinum^  with  a 
suspicion  that  the  MarsupiUs-zont,  might  possibly  come  in  at  the 
western  end  of  the  county.*  This  being  so,  it  is  necessary  to 
examine  in  detail  the  evidence  which  led  Dr.  Barrois  to  assign 
the  uppermost  chalk  in  Surrey  to  the  Marsupiies-zon^.  In  this 
instance  he  relied  chiefly  upon  the  lithological  characters  of  the 
beds,  for  the  only  fossils  he  records  are  Offaster  corculum^ 
Micraster  cor-afiguinum^  and  Echinoconus  conims^  a  combination 
of  doubtful  zonal  value.  Mr.  Jukes-Browne  quotes  him  as 
having  found  these  "  near  Guildford,"  but  Dr.  Barrois  himself 
does  not  definitely  say  where  he  obtained  them.  His  words  are, 
"Le  Nord  du  Hog*s  Back,  et  dc  toute  la  chaine  cretacee  du 
Surrey  au  contact  du  lertiaire,  est  forme  par  une  craie  tendre 
avec  peu  de  silex,  et  avec  silex  tabulaires ;  c'est  le  caractfere 
mineralogique  de  la  zone  h  Marsupites^  elle  contient  de  plus : 
Micraster  cor^inguifutm  (Forbes),  Echinoconus  conicus  (Breyn), 
Offaster  corcuium  (Gold.)."t 

Offaster  corcuium  (Goldfuss)  is  recorded  by  Dr.  Barrois  as 
common  in  several  English  localities.  The  name  has  not  been 
adopted  by  English  writers,  who  have  usually  regarded  it  as  a 
synonym  of  Cardiaster  pillula^X  apparently  because  Dr.  Barrois* 
records  are  nearly  all  from  places  in  which  C  piiiuia  is  known  to 
occur,  and  because  he  does  not  mention  C.  piiiuia  in  any  part 
of  the  **  Recherches."  Failing  to  obtain  definite  information 
about  this  form  I  became  desirous  of  seeing  Goldfuss's  original 
figure  and  description.  After  some  little  difficulty,  owing  to  the 
confused  state  of  the  nomenclature,  I  found  that  Goldfuss  had 
described  it  under  the  name  of  Ananchytes  corailum,% 

The  genus  Offaster  was  first  separated  by  Desor,  in  1858,11  in 
which  he  placed  various  species  referred  by  previous  writers  to 
the  genera  Holaster,  Anancliytes  (=^Echinocory5\  Cardiaster  and 
Toxaster^  but  he  carefully  excluded  "  corcuium  "  from  among  the 
species  of  his  new  genus.  Schluterli  subse(iuently  removed 
"  corcuium "  from  Ananchytes  to  the  genus  Offaster^  but  the 
reasons  for  his  doing  so  are  not  very  obvious. 

In  Echinocorys  (=  Ananchytes)  the  anus  (periproct)  is  either 
on  the  base  or  at  the  margin,  while  in  Hoiaster^  Offaster,  and 
Cardiaster  it  is  placed  well  above  the  margin,  on  the  posterior 
portion  of  the  test.     The  position  of  the  anus  in  Goldfuss'  figure 

*  A.  J.  lakes- Browne,  op.  cit.^  voL  iii,  p.  i8o. 
t  **  Recherches,"  p.  139. 

X  Whether  the  species  pillula.  Lam.,  should  be  assigned  to  CardiatUr  or  to  Offaster  I 
miist  leave  the  experts  to  settle,  I  merely  adopt  Dr.  Kowe's  term. 
§  **  PetriCacu  Germaniae.  1829,''  p.  147,  Plate  xlv,  fig.  2, 
I  "  Synopsis  des  Echinides  fossiles,"  p.  333. 
^  *'  FoMile  Echinodermen,"  etc.,  1869,  p.  232. 
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Leskc)  is  the  position  of  the  p< 
the  latter  case  tliey  occ  ur  nearl; 
lorculum  they  are  eloser  to  tlie 

The  finding  of  O.  corciilut. 
raised  doubts  as  to  whether  Dr. 
or  the  small' gibbous  form  of 
Act.  qucidratuS'ZOTit,  Goldfuss 
normal  C  pillula^  and  Desor  aL 
hazel  nut  (noisette)^  whilst  conui 

Subsequently  to  the  reading 
the  presence  of  Dr.  Barrois  at  ' 
Geological  Society  of  London 
species,  when  he  unhesitatingly 
the  form  he  always  referred  t< 
corcuJum, 

C  piiJuia  is  a  very  charactei 
zone,  but  the  other  two  fossils 
Af.  cor-anguinum  and  E,  coma 
zone,  although  common  in  the  i 
found  no  evidence  of  the  highe 
to  think  that  this  record  of  O.  cc 
one  of  those  exceedingly  rare  ca; 

the  Afarsu/ifes-zone.X 

The  completion  of  my  syst 
near  the  Tertiary  border  has 
Afarsu/ifes-zone,  in  its  strictest  s< 
whole  length  of  Surrey,  a  disti 
Dr.  Barrois,  therefore,  althouj 
Marsupites  plate,  nor  any  other 
ing  the  uppermost  beds  to  this  » 
able  as  he  relied  chiefly  on  the  ' 
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supposed*  It  occurs  mostly  in  scattered  nodules,  not  often  in 
definite  bands,  but  with  an  occasional  thin  tabular  layer.  The 
nodules  are  generally  solid  and  tough,  and  very  black  inside, 
with  a  var3ring  thickness  of  smooth  white  cortex.  The  chalk 
itself  is  very  white  and  soft. 

All  the  villages  between  Leatherhead  and  Guildford  are  built 
on  the  junction  of  the  Tertiaries  with  the  Marsupitts  Chalk,  and 
the  southern  margin  of  the  zone  is  roughly  indicated  by  the 
main  road  connecting  those  two  towns.  All  the  pits  on  the 
north  of  that  road,  with  two  exceptions,  are  cut  in  this  zone. 
One  of  these  exceptions.  No.  246,  lies  at  the  bottom  of  a 
small  combe,  which  has  cut  down  to  the  underlying  M.  cor^ 
anguinum'ton^  while  close  by.  No.  245,  about  30  ft.  higher, 
yields  Uintacrinus,  In  this  neighbourhood  one  may  go  into  pit 
after  pit  and  find  plates  of  Marsupitts  with  almost  monotonous 
r^ularity,  and  it  is  astonishing  that  they  have  remained  so  long 
unrecorded. 

West  of  Guildford  the  zone  is  continued  all  along  the  north 
side  of  the  Hog's  Back,  but  is  confined  to  the  gently  sloping 
ground  at  the  foot  of  the  ridge. 

In  every  pit  which  I  have  assigned  to  this  zone  either 
Jiiarsupites  or  Uintacrinus  has  been  found.  The  number  of 
sections  in  the  zone  is  eighteen,  which  with  the  twenty-two 
sections  found  east  of  the  River  Mole  makes  forty  for  the  whole 
county. 

Zone  of  Micraster  cor-anguinum. 

This  zone  covers  most  of  the  wider  part  of  the  area  east  of 
Ouildford,  and  forms  the  northern  flank  of  the  Hog's  Back. 
Some  of  the  pits  are  of  considerable  size,  and  the  characteristic 
regular  lines  of  nodular  flints  at  frequent  intervals  are  often  well 
displayed.  In  the  higher  part  of  the  zone  Conulus  aldo-galerus 
ij=^£chinoconus  conicus=^  Gaierites  aibo-gaierus)  is  abundant,  and 
d  large  proportion  are  of  the  small  tumid  variety. 

Zone  of  Micraster  cor-testudinarium. 

This  zone  is  not  well  dispbyed  in  this  district.  I  have  only 
found  a  few  sections,  and  apparently  it  is  thinner  here  than  in  east 
Surrey.  Chimney  pit  (No.  291)  is  the  best  exposure,  and  affords 
a  fair  list  of  fossils.  It  contains  fewer  flints  than  either  the  zone 
above  or  below,  and  several  yellow  bands  of  hard  nodular  chalk, 
one  of  which  would  appear  to  be  at  or  near  the  base  of  the  zone. 
This  can  be  well  seen  at  Artington  pit  (No.  299)  and  Mrs. 
Sturgess's  pit  (No.  3i2A).t 

•  Ptoc.  Gtoi,  Astcc.^  voL  xviH,  p.  230. 

t  Since  the  above  was  written  Messrs.  Cliatwin  and  Withers  have  described  a  similar 
bed  at  Uie  bass  of  the  xone  in  Oxfordshire.    See  antt,  p.  413. 
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at  Dover,  a  thick  passage  bed  bet\ 
I'hc  Chalk  is  white  and  very  h 
fre(|ucntly  in  courses  which  appi 
afi^i^ianiu/i-yxmo.  in  regularity,  notici 
and  in  Echo  pit  (No.  294).  At  M 
several  pockets  of  very  white  ar 
from  one  of  which  I  obtained  a  f 
Af,  cor-bavis. 

Middle  Chalk  =  71 

Zone  of  Terebrati 
Zone  of  Rhynchoi 

Lower  Chalk  =  Ch 

Zone  of  Holaster 
Zone  of  Ammonit 

The  outcrop  of  these  two  divis 
to  the  face  of  the  escarpment.  Tl 
abnormal  features,  and  do  not  rec 
owing  to  the  disturbance  of  the  be 
they  occur  at  varjing  heights  along 
places  the  lower  zones  are  entirely  < 

The  Lower  Chalk  is  not,  on  1 
feature  as  it  is  to  the  east  of  the  Ri 
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rhe  junction  with  the  Tertiary  beds  on  the  north  is  marked 
he  Une  of  villages  which  are  dotted  along  the  main  road 
-een  Leatherhead  and  Guildford.  The  road  does  not  pass 
ugh  the  villages,  but  runs  a  little  to  the  south  of  them.  A 
ber  of  parallel  cross  roads  pass  from  the  Chalk  on  to  the 
iaries,  and  it  is  on  these  cross  roads  that  the  villages  are 
ed. 

\  similar  but  less  regular  line  of  villages,  nestling  under  the 
rpment,  runs  from  Dorking  to  Guildford.  The  parishes  in 
district  are  often  peculiar  in  shape,  e.j^^.y  the  parish  of  Little 
icham  is  six  miles  in  length,  and  only  from  half  to  quarter 
in  width.  Mr.  Topley  has  given  an  interesting  account  of 
ihes  of  this  kind,  and  to  his  paper  the  reader  is  referred  for 
[ls« 

rhe  ground  slopes  upward  from  the  Tertiary  border  towards 
«carpment,  which  naturally  forms  the  highest  ground  in  the 
ict  Its  highest  point  is  on  Hackhurst  Down,  733  ft.  O.D., 
whence  it  declines  gradually  westward.  The  wider  part  is 
ly  covered  with  clay-with-flints,  which  supports  woodlands 
msiderable  extent. 

There  are  several  patches  of  "  Sands  of  Doubtful  Age,"  the 
St  of  which  is  at  Netley  Heath.f  North-west  of  the  latter 
utlier  of  Woolwich  and  Reading  Beds  is  shown  on  the  i-in. 
.  but  little  seems  to  be  known  of  it.  Mr.  Whitaker  refers  to 
J  follows:  "North  of  Netley  Heath  an  outlier  [of  the 
Iwich  and  Reading  Beds  (G.W.Y.)]  has  been  mapped  by  Mr. 
hele,  but  I  believe  it  is  much  hidden  by  superficial 
sits."t  I  l^ave  not  been  able  to  locate  this  satisfactorily, 
unfortunately  pits  Nos.  265  and  266,  which  presumably  lie 
5  borders,  are  both  overgrown. 

►wing  to  the  comparatively  narrow  outcrop,  even  in  this  wider 
)n,  the  dry  valleys,  though  numerous  and  deep,  are  not  so 
ncuous  a  feature  as  they  are  east  of  the  River  Mole.     One, 
ver,  is  of  considerable  interest, 
olesden  Valley  commences  near  Dunley  Hill,  at  about  620  ft. 

not  far  from  the  crest  of  the  escarpment.     At  first  it  runs 
the  dip,  due  north,  for  about  a  mile,  dropping  in  this  dis- 

180  fi.  It  then  turns  sharply  due  east  along  the  strike 
Dout  three  miles,  winding,  with  the  beautiful  curves  char- 
stic  of  these  chalk  valleys,  past  Polesden  Lacey,  Chapel 
and  Camilla  Lacey.  Here  it  joins  the  upper  end  of  the 
of  the  Mole,  just  where  that  river  breaches  the  escarpment, 
mmediately  facing  Box  Hill.  In  its  easterly  course  it  has  a 
r  about  60  ft.  per  mile,  and  in  the  last  part  has  a  slightly 

>n  the  relation  of  the  Parish  Boundaries  in  the  S.E.  of  England  to  Great  Physical 
»,  particularly  to  the  Chalk  Escarpment." /(^Mrna/o/  the  Anthropological  ImtUuU, 

ebUng,  Proc,  Gtol.  Assoc.^  vol.  xvl,  p.  524. 

m,  Geol,  Surv.  Gt.  Britain,  vol.  iv,  part  i,  p.  iia      See  also  H.  H.  French, 

m/.  Assoc.,  vol.  z,  p.  183. 
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that  these  deeply  cut  dry-valle> 
Tliree  small  but  remarkable 
attention.  Dean  Bottom,  Wa 
Farm  Bottom  *  occur  in  rapid  s 
general  features.  Each  is  short 
due  west  and  then  sweeps  roun- 
the  lower  ground  of  the  Tertiari 
been  excavated  by  solution  al< 
joint-planes,  which  may  have  hi 
earth  movements.  The  intervei 
a  clay  capping  In  the  case  of ' 
for  a  slight  fault  is  fairly  clear, 
face  of  the  escarpment,  shows  s 
of  the  M,  cor-anguinum-zone^  wl 
on  the  north  side  of  the  axis 
presumably  higher  horizon,  is  \ 
M.  cor-testudinarium-zoxiQ.  Tl 
south. 

A  deep  hollow,  anvil  shape 
the  escarpment  at  Colekitchen 
rounded  by  precipitous  slopes 
does  not  breach  the  crest  of 
valley  (Honeysuckle  Bottom)  i 
and  the  ridge  of  ground,  over 
under   loo  yards   in  width. 
a  prolongation  of  the  Rookery  f 
a  change  in  the  direction  of  th< 
from  here  westward  to  P'arnhar 
east  of  this  point  it  takes  a  d 
deep  hollow  is  to  be  seen  at 
Colekitchen  Hole. 
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narrow  strip  of  Selbomian  (Upper  Greensand  and  Gault) 
ilong  the  foot  of  the  Chalk  escarpment,  occupying  the  floor 
I  luirrow,  waterless  valley  between  the  Chalk  and  the  parallel 
of  Folkestone  Sands.  The  Tillingboume  rises  on  the  north 
of  Leith  Hill,  turns  sharply  westward  at  Wotton,  and  runs 
the  Sandgate  beds  to  join  the  River  Wey  at  Guildford,  but 
not  enter  this  Selbomian  valley  in  any  part  of  its  course. 

Guildford  District. 

i  the  neighbourhood  of  Guildford  there  is  abundant  evidence 
j\ent  disturbance.  South  of  the  town  a  sharp  anticline 
5  up  the  Weald  Clay  at  Peasemarsh,  and  the  outcrop  of  the 
!  of  the  beds  between  the  Tertiaries  and  the  Wealden 
ires  only  if  miles,  so  the  average  northerly  dip  must  be 
lerable.  It  is,  however,  by  no  means  uniform,  that  of  the 
r  and  Middle  Chalk  not  exceeding  lo^,  while  that  of  the 
r  Chalk,  Selbomian,  and  Lower  Greensand  is  much  greater. 
5  long  ago  as  187 5,*  Mr.  Topley  suggested  that  most  of  the 
which  escape  from  the  Weald  through  breaches  in  the  Chalk 
>ment  run  in  gentle  transverse  synclinals.  He  does  not  quote 
ey  as  an  example,  but  apparently  it  is  a  case  in  point,  for  west 
lite  Lane  pit  (No.  287),  near  St.  Martha's  Chapel,  the  strata 
3ticeably  to  the  west.  At  this  pit  the  400  ft.  contour  line 
5  the  top  of  the  /^,  cuvien'-zone^  while  at  Rifle  pit,  Guildford 
*95a),  the  top  of  the  zone  is  only  about  150  ft.  O.D.,  a  fall 
D  ft.  in  the  intervening  two  miles. 

be  coincidence  of  .the  above-mentioned  gentle  transverse 
ne  with  the  strong  longitudinal  anticline  at  Peasemarsh  has 
iced  a  sharp  twisting  of  the  strata,  the  tension  of  which  has 
relieved  by  a  strike-fault,  with  its  downthrow  on  the  north, 
I  runs  along  the  foot  of  the  escarpment  for  some  four  miles 
lent  Pool,  when  it  is  probably  cut  off  by  the  Albury  fault 
1  on  the  I  in.  map.  The  spring  which  feeds  Silent  Pool 
X)ssibly  arise  at  the  junction  of  the  two.  On  the  north  side 
is  fault  the  strata  dips  northwards  at  gentle  angles,  while  on 
)uth  side  they  are  highly  inclined.  The  gentle  dip  can  be 
in  most  of  the  pits  in  the  higher  part  of  the  scarp  face, 
ularly  Echo  pit.  No.  294,  and  Williamson's  Quarry,  No. 
«rhile  the  high  dips  can  be  well  studied  at  Warren  Farm  pit, 
190,  and  Albury  Downs  pit.  No.  286.  The  Folkestone 
}  of  the  Lower  Greensand  are  also  highly  inclined,  as  may 
en  at  The  Chantries,  St.  Martha's  Hill,  and  near  Albury. 
result  is  that  very  little  of  the  Lower  Chalk  is  exposed  in 
leighbourhood.  I  venture  to  name  this  the  Chantries 
•    (See  Fig.  32.) 

•  "Geology  of  the  Weald,  1873/'  Mem.  Gtol.  Survey,  p.  276. 
i  See  anttt  p.  174. 
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Greensand*  is  separated  by  only  250  ft.  from  the  Hoiaster plamus- 
zone.     (See  Fig.  32.) 

At  Runfold  a  fault  occurs,  first  noticed  by  Mr.  Long  in  1837. 
The  Chalk  ridge  is  thrust  northward,  and  I  am  inclined  to  think 
the  displacement  is  rather  greater  than  is  shown  on  the  x  inch 
map,  so  that  the  Selbomian  abuts  directly  against  the  Tertiaries. 
Through  the  gap  runs  the  railway  from  Guildford  to  Famham. 
Still  nearer  to  Famham,  there  is  another  small  fault,  not  marked 
on  the  map,  the  course  of  which  runs  along  the  low  ground  on 
the  east  of  Farnham  where  the  gap  in  the  chalk  ridge  is  much  * 

wider  than  at  Runfold.     In  this  gap  lies  the  Famham  Sewage 
Farm,  close  to  which  a  strong  spring  emerges  at  the  base  of  a         ^^^ 
small  chalk  bluff. 

This  is  the  source  of  the  Boume  Mill  stream,  and  I  suggest  .^^ 
that  the  spring  marks  the  position  of  this  second  fault.  At  this  '^m]s 
point  the  strike  of  the  beds,  until  now  practically  due  east,  takes  ^^&:^^ 
on  a  strong  southerly  trend,  which  is  well  indicated  by  the  ^^^^e 
direction  of  the  avenue  in  Farnham  Park. 

Here  the  Chalk  abuts  against  the  Gault,  which  appears  on  the^^^^-^^ 
opposite  side  of  the  stream,  while  the  disrupted  Chalk  appears  a^  ^ 
short  distance  away  to  the  north-west,  at  the  corner  of  Famhamr^-tar  j^m 
Park.t 

Between  these  two  parallel  faults  there  is  a  small  "island"  o^z>       of 
chalk,  the  structure  of  which  is,  fortunately,  well  displayed  at  Badfc*  -Ksad- 
shot  Farm  pits  (see  map.  Fig.  33.).    The  north  pit.  No.  326, shows  s    ^  ^s  a 
dip  of  about  40^  and  is  cut  in  the  zone  of  MicrasUr  cor-anguinunkr^:^  ^^im. 
The  south  pit,  No.  327,  60  yards  away,  is  more  complicate(fc>-^*  ed. 
At  the  extreme  north  end  there  is  highly  flinty  chalk  dipping  a^        j  at 
about  45^.     This  is  cut  off  by  a  thrust  plane  and  succeeded  bczf       by 
flintless  chalk  with  a  dip  of  75^.     This  flintless  chalk  is  hard  aar-x  .end 
creamy,  with   two  distinct    marl-bands  and   some  vein-calcit*  ,^  ^  :ite. 
The  violence  of  the  disturbance  is  evidenced  by  the  state  of  lYrM  :^  the 
flints,  which  are  completely  shattered  and  fall  into  hundreds  m^  of 

pieces  at  a  touch.  Some  are  drawn  out  into  curved  lin<^ -«■"»  .nes 
resembling  coal  dust,  just  like  those  mentioned  by  Dr.  Strahss  x-*an 
as  occurring  in  the  region  of  the  Isle  of  Purbeck  thmst-planrrx'.dRne. 
As  is  frequently  the  case  in  highly  disturbed  strata  these  be^^^^eds 
yield  no  fossils.  The  lower  part  of  the  pit  shows  similar  flintle^^  Xless 
chalk  with  a  slightly  smaller  dip,  about  55**,  but  the  zone  w^^^rnras 
proved  to  be  that  of  Terebratulina  gracilis  by  the  finding  'Z  of 

several  of  the  name-fossils.  The  other  fossils  found  wt^  "^ere 
Terebratiihi  {?  scmtglobosa)^  Rhynchonella  cwvieri^  PcrcTfh(r% — ^ir-rr 
globuhiris^  Ostrea,  Inoceramus^   CidariSy  and  Ptychodus,     In  its 

turn  this  flintless  white  chalk  is  cut  off  by  a  strike  fault,  lead?  ^^^g 
to  the  south,  which  brings  up  the  grey  chalk  of  the  Holasms=s/er 

•  Jukes-Browne  {op.  cit.\  Vol.  il,  p.  52. 

\  A  lari;e  sheet  of  gravel  occurs  here  which  has  been  separated  Into  two  portloo.^  -'^bx 
the  Bourne  Mill  stream.  The  western  portion  is  wholly  on  Gault,  but  the  eastec — -^^  ^ 
partly  on  Chalk  and  it  is  thus  evidently  of  later  age  than  the  fault.  j 
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subglabosus'zon^  succeeded  by  Chalk  Marl,  Chloritic  Marl,  and 
Upper  Greensand.  The  fossils  found  in  this  grey  chalk  were 
Rhynchonella  martini^  R,  mantellianianay  Kingena  iimoy  Tere- 
Inratula  squamosa^  T,  setniglobosa^  Pecten  orbicularis^  Nautilus 
deslongchampsianuSy  and  Turrilites  scheuchzerianus.  This  is  quite 
a  typical  Lower  Chalk  fauna.     (See  Fig.  32.) 

As  the  whole  of  the  R  cuvieri-zone  and  nearly  all  the  If,  sub- 
gMosuS'Zone  is  cut  out,  this  fault  must  have  a  throw  of  not  less 
than  150  feet  and  most  probably  more.  The  fault  plane  is  quite 
visible  owing  to  the  contrast  in  colour  and  the  smaller  dip  of  the 
lower  beds  (about  35**).  This  strike  fault  is  evidently  the  same 
as  the  one  inferred  at  Whiteways  End  and  its  displacement  by 
the  Runfold  dip  fault  proves  the  latter  to  be  the  younger  of  the 
two. 

Farnham. 

At  Farnham  the  chalk  ceases  to  be  the  dominant  feature  of 
the  landscape.  For  a  short  distance  the  Tertiaries  become  of 
importance,  and  form  a  plateau,  known  by  the  various  names  of 
Hungry  Hill,  Caesar's  Camp,  Farnham  Beacon,  and  Lawday 
House,  which  rises  to  a  height  of  over  600  ft.  O.D.  This  lofty 
elevation,  however,  is  quite  local,  partly  due  to  a  thick  capping 
of  "  plateau  gravel,"  and  a  little  to  the  west  they  resume  their 
normal  insignificance,  and  then  the  Upper  Greensand  comes  into 
prominence. 

West  of  the  Park  the  Reading  clay  crowns  the  chalk  escarp- 
ment without  any  surface  feature  at  the  junction,  and  this  is 
succeeded,  as  the  ground  rises  northward,  by  London  Clay,  and 
ultimately  by  Bagshot  beds.  In  the  Park  itself  a  short  valley  has 
been  excavated  between  the  Chalk  and  the  Tertiaries,  (rather 
below  the  actual  junction),  but  the  latter  form  all  the  higher 
ground  and  overlook  the  low  chalk  ridge  on  which  the  fine 
avenue  of  trees  is  situated.  Farnham  Castle  stands  on  the  root 
of  this  ridge  just  where  it  merges  into  the  main  scarp,  so  that  the 
approach  to  the  Castle  from  the  north-west  must  always  have 
been  easy,  in  a  military  sense. 

The  outcrop  of  the  Chalk  is  thus  confined  to  the  face  of  the 
scarp,  and  is  not  more  than  a  quarter  of  a  mile  in  width,  and 
100  ft.  in  vertical  height,  its  base  being  proved  by  the  presence  of 
Chalk  Marl  at  Hop  Field  pit  (No.  329).  This  is  strong  presump- 
tive evidence  of  the  Badshot  strike-fault  being  continued  past 
Farnham.  Unfortunately  there  are  but  few  pits  in  the  immediate 
neighbourhood,  and  the  exact  relations  of  the  beds  are  difficult 
to  understand.  The  highest  zone  exposed  is  that  of  T,  gracilis 
at  Claypit  Gully  pit,  No.  330,  where  the  dip  is  about  45  degrees. 
With  a  narrow  outcrop  and  high  dip  the  conditions  are  the 
Same  as  along  the  Hog's  Back,  but  instead  of  the  Tertiaries 


y-  !- 
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iiciiiicr  snows  any  sign  ot  a  tault, 
such  a  twisting  of  the  beds  as  is  in 
of  dip  and  strike  would  most  prob: 
siderable  faulting. 

The  south-east  of  England  is  : 
area  of  violent  disturbance,  and  so 
that  the  extensive  system  of  faulting 
But  it  must  be  remembered  that  in 
exceptional.  The  width  of  the  Ch 
Back  is  so  very  much  narrower  thai 
ought  to  expect  something  unu8U2 
stratigraphy.  Outside  the  Isles  of  V 
shows  so  narrow  an  outcrop  of  Chal 
thickness  here  is  not  so  great  a$  in  t 
hand  the  average  dip  is  not  nearly  s 
Wight,  where  the  highest  dips  occur 
highest  dips  mostly  occur  in  the  lowc 
is  not  a  hard  rock  neither  is  it  a  plas 
which  traverse  it  provide  lines  of  wc 
ment  of  the  strata  could  easily  be 
slightly  disturbed  area  farther  east  si 
are  not  uncommon,  as  Mr.  Evans  h^ 
Croydon-Oxtead  section. 

All  the  evidence  points  to  the  coi 
movement  took  place  at  a  compa; 
subsequent  to  the  general  elevatic 
denudation  had  laid  bare  a  large  an 
beds.  Its  situation  in  the  extreme 
Weald  shows  that  it  is  quite  unc 
Wealden  uplift,  as  there  the  latter 
broad  unbroken  Chalk  arch  which  d 
Hamoshire  Basin.     At  fircf  tV»**  Hid 
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Hog's  Back  uplift  took  place  the  escarpment  had  been  already 
cut  back  to  nearly  its  present  position,  and  the  upper  waters  of 
the  Wey  may  have  formed  part  of  the  Bladcwater  system,  escaping 
from  the  Weald  through  die  breach  in  the  Chalk  at  FunhaoL 
The  wide-spread  sheets  of  gravd  bocdeiiflg  the  Bkckwater, 
composed  of  flints  and  Lower  Greensand  material^  imply  the 
former  existence  of  a  conaderable  river,  whereas  now  not  a  aim^ 
drop  of  water  passes. 

The  Farnhaii  Swallow  Holis. 

Another  interesting  [dienomenon,  iriiidi  hdps  to 
the  abnormal  physical  character  of  the  district^  can  be 
studied  at  Famham. 

Several  small  streams   mn  off  the  hig^  ground  of 
Tertiary  clays  until  they  readi  the  Chalk,  when  tbej  " 
down  a  swallow  hole.     Usually  the  whole  flow  is 
after  heavy  rain  the  ''swallet''  cannot  always  cope  widi 
increased  quantity,  and  then  the  surfdus  water  flows  Kwaj  ' 
a  definite  overflow  channel,  the  gravdly  bed  of  wfaidi  is 
dry  at  other  seasons.     The  local  name  for  these  swidlow  ~ 
the  very  appropriate  one  of  '*  soakag^" 

Seventy  years  ago  an  account  of  these  was  read  beitaie  V* 
Geological  Society  by  Mr.  George  Long,  of   which  on^ 
abstract  was  published.*      By  die  kindness  of  the  — ^~'— 
the  Geological  Society^  I.  have  been  allowed  to 
Long's  original  manuscript,  but  the  following  account  is 
my  own  observations. 

The  swallow  holes  number  seven  in  all,  the  two  in  Fi 
Park  and  the  one  in  Claypit  Gully  being  the  most  ini 
The  two  former  are  situated  on  the  north  flank  of  the 
valley  already  described.  The  eastern  and  larger  is  at  the 
end  where  it  opens  out  into  the  low  ground  near  Hale. 
stream  which  enters  it  is  formed  by  the  union  of  several 
ditches  which  carry  ofif  the  surface  water  of  the  larger  portico 
Famham  Park.  The  main  stream  has,  on  a  small  scale,  a  " 
meandering  course,  with  sharply-cut  clay  banks,  and  near-  ^ 
spot  where  it  disappears,  bright  red  mottled  clay  of  the  Rea.'^fiv 
series  can  be  clearly  seen  in  its  bed.  The  actual  swallet  ^  < 
marshy  area,  overgrown  with  nettles  and  enclosed  with  railing* 

The  swallet  consists  of  a  cluster  of  holes  or  fissures  So^ 
which  the  water  soaks,  and  therefore  its  disappearance  is  laotff 
imposing    as    one   might   expect    from    Mr.    Long's    acocoof 
(which  says  they  "  plunge  into  the  ground ! "),   but   thete  A 
generally  a  small  whirlpool  formed  at  each  hole.    The^'stORB- 
water"  gully,  at    first  underground,  suddenly   appean   niM 

*  Proc,  Giol.  Soc.,  Tol.  ill,  p.  loi. 
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30  yards  lower  down  the  valley,  its  bed,  usually  quite  dry,  being 
strewn  with  many  flints.  This  gully  eventually  leads  into  the 
Bourne  Mill  stream  a  little  below  the  source  of  the  latter. 

Mr.  Long,  in  the  abstract  before  referred  to,  says,  "The 
water  absorbed  by  the  holes  in  Farnham  Park  is  supposed  to 
reappear  at  the  Bourne  Mill  stream,"  but  he  himself  doubts 
this,  for  he  adds,  "  and  though  soft  where  it  sinks  into  the  chalk 
it  is  hard  and  unfit  for  use  where  it  again  breaks  forth."  In  the 
manuscript,  moreover,  he  gives  further  reasons  for  thinking  that 
the  supposition  is  not  correct.  Certainly  on  each  of  my  visits 
the  quantity  of  water  emerging  at  the  spring  has  been  far  greater 
than  that  which  was  being  absorbed  at  the  swallow-holes,  and  it 
is  evident  the  supply  is  not  dependent  on  that  source  alone.  On 
the  other  hand,  if,  as  I  suggest,  the  Bourne  Mill  spring  rises  in  a 
fault-plane,  it  is  possible  that  part  at  least  of  this  water  does  come 
from  the  swallow-holes.  The  size  of  the  valleys  which  these  smal 
streams  have  excavated  shows  that  the  quantity  of  clay  carried  off 
in  suspension  is  enormous,  and  one  would  have  expected  the 
absorbing  fissures  to  have  been  filled  up  long  ago  unless 
there  was  some  outlet  near  at  hand.  Moreover,  the  beds  them- 
selves seem  to  dip  in  that  direction. 

The  other  swallow  hole  in  the  park  is  close  to  the  path  leading 
to  Upper  Hale,  just  where  it  commences  to  rise  past  the 
central  enclosure.  The  hollow  is  deep  and  cup-shaped,  and  a 
large  oak  tree  is  growing  in  it.  The  stream  is  very  small,  and  is 
all  absorbed,  there  being  no  overflow  channel.  A  third  stream 
is  absorbed  just  outside  the  park  palings  skirting  the  Odiham 
Road,  and  in  this  case  an  ill-defined  overflow  channel  is 
banning  to  be  formed. 

Claypit  Gully  lies  in  a  bifurcated  valley,  which,  although 
^ort,  is  deeply  cut,  with  sides  that  are  remarkably  steep  con- 
sidering that  they  are  of  clay.  Just  where  the  water  disappears 
there  has  been  some  recent  slipping,  which  temporarily  interfered 
"With  the  proper  working  of  the  swallow  and  caused  a  slight 
overflow.  The  disappearance  of  the  water  is  not  well  shown  at 
present,  but  the  soaJcing  away  can  be  distinctly  heard.  The 
overflow  channel  is  well  marked ;  it  is  about  6  ft.  in  width  and 
over  4  ft.  in  depth,  with  a  gravelly  bed.  It  crosses  the  whole 
width  of  the  chalk  as  a  dry  gully,  eventually  joining  a  permanent 
Stream  which  is  fed  by  springs  thrown  out  at  the  outcrop  of  the 
Oault  This  runs  across  the  Gault  on  to  the  Lower  Greensand 
and  falls  into  the  River  Wey  at  Cox  Bridge,  about  a  mile  west  of 
Farnham. 

Swallow  holes  of  this  nature  are  not  unknown  in  other 
districts,  but  in  such  cases  the  dip  of  the  Chalk  is  usually  very 
low,  whilst  the  Tertiary  or  other  clay  beds  above  form  a  gentle 
slope  of  the  nature  of  an  escarpment.  Mr.  Whitaker  gave  a  list 
of  those  occurring  in  the  London  Basin  in  his  evidence  before  the 
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Royal  Commission  on  Metropolitan  Water  Supply  in  iSgj^  and 
in  explaining  the  diagram  illustrating  their  mode  of  origin 
expressly  states  that  there  would  be  a  wide  expanse  of  Chalk  on 
account  of  the  low  dip.  This  increases  the  abnormality  of  the 
Farnham  district,  where  the  dip  is  high  and  the  outcrop  very 
narrow. 


CONCLUSION. 

It  will  be  noticed  that  I  have  not  attempted  to  give  the  thick-  — .: 

ness  of  the  different  zones.  If  the  various  typical  fossils  vere^^-^.^ 
rigidly  confined  to  their  proper  zones  the  task  of  determining  the^^^-^h^ 
exact  limits  of  a  zone  might  be  overcome  by  careful  coUecting.,^^  ^-|^ 
although  in  comparatively  few  cases  is  the  whole  of  a  zone  ex^c^sex- 
posed  in  any  one  pit,  and  even  then  the  upper  limit  is  generall^.£LCjtIly 
inaccessible.  But  everyone  knows  that  the  typical  fossils  are  noc^.f:not 
rigidly  confined  to  their  own  zone,  and  there  is  rarely  a  hard  an»«-v«And 
fast  line  of  demarcation.  Between  them  are  passage  beds ;  bedE^^aeds 
in  which  there  is  not  only  an  intermingling  of  the  faunas  of  thcrCi^the 
two  zones  concerned,  but  the  fossils  themselves  are  passag^r^i^age 
forms.  For  instance,  in  such  a  transitional  bed  it  is  by  no  mearx  -ac^ans 
rare  to  find  examples  of  Micraster  with  one  surface  showing  ttrf  ^  the 
characteristic  features  of  one  zone,  and  the  other  surface  displaj^X  lay- 
ing the  characteristic  features  of  the  succeeding  zone.  And  thK  m^  his, 
indeed,  is  exactly  what  the  whole  theory  of  evolution  teaches  w  ^  us 
to  expect.  Therefore,  by  excluding  or  including  these  passa^  - 
beds,  two  different  observers  might  assign  quite  a  different  thic 
ness  to  the  zone  in  question. 

As  to  the  thickness  of  the  Chalk  as  a  whole  I  have  no  eviden^"'^:  net 
to  offer  beyond  what  is  already  known  by  the  boring  at  E^^-^^^uist 
Horsley,  which  shows  a  thickness  of  81 7I  feet.     This  is  xawm^  Mich 
thicker  than  in  any  other  boring  in  the  London  basin,  and    -M  is 
most  probably  due  to  real  thickening  of  the  beds,  as  the  dip^c^^Jat 
East  Horsley  is  not  high  enough  to  make  any  material  differer^^^rnce 
in  the  result.     Mr.  Jukes-Browne,  in  the  course  of  a  discussions     i  of 
my  previous  paper,t  ver)'  truly  points  out  that  this  would  be  qi: — MJte 
sufficient  to  allow  of  the  J/,  corHingianuM-zone  being  more  L^Klike 
its  usual  thickness  than  it  is  near  Croydon.     Unfortunately      ""no 
other  boring  in  the  district  goes  through  the  whole  of  the  Chc=3alk 
into  the   beds   beneath.     The   boring  at  Winkfield,  where  ^^^ 

Chalk  is  725  feet  thick,  is  too  far  away  and  too  near  the  north^^-^^ 
outcrop  to  be  of  service  to  us  in  estimating  the  thickness  z  ^ear 
Farnham. 

This  attempt  at  a  complete  zonal  survey  of  the  Surrey  CT'^slk 
must  not  be  regarded  in  any  way  as  the  final  word  on  the  sub3^4 

•  Ref'ort  Roy.  Com.  Met.  MV/rr  S«/'/»/v,  1893.  Appcmlur  So.  C.  49,  p.  433. 

1  rtcc.  Geol.  Aisoc,  vo',  xix  (1906),  pp.  288,  289.  ' 
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ind  I  hope  it  may  be  the  means  of  inducing  others  to  take  up  the 
work  and  check  my  results.  The  task  of  zoning  so  large  a  num- 
t)er  of  pits  by  an  amateur  with  but  little  leisure  is  no  light  one, 
md  it  would  be  strange  indeed  if  mistakes  have  not  been  made, 
[n  some  cases  the  evidence  on  which  I  have  zoned  a  pit  may  have 
>een  too  scanty,  and  additional  collecting  may  show  a  need  of 
■evision,  but  I  believe  that  my  conclusions  as  a  whole  will  be 
bund  substantially  correct. 

Finally,  I  have  to  tender  my  most  cordial  thanks  to  the 
lumerous  land-owners,  farmers,  and  quarry-owners  who  have 
jiven  me  permission  to  examine  their  pits ;  to  the  following 
gentlemen  for  help  and  encouragement  in  various  ways  :  Mr. 
H.  A.  Allen,  Dr.  F.  A.  Bather,  Mr.  G.  E.  Dibley,  Mr.  W.  D. 
Lang,  Mr.  E.  T.  Newton,  Mr.  C.  D.  Sherborn  ;  to  Mr.  W.  P. 
ifoung,  who  took  all  the  photographs  and  made  all  the  lantern 
ilides  used  in  illustrating  the  reading  of  the  paper ;  to  Dr.  A.  W. 
K.owe,  who  has  been  ever  ready  to  identify  specimens  and  explain 
lifficult  points ;  and  lastly  to  Messrs.  W.  Johnson  and  W. 
Vright,  who  have  given  unceasing  help  and  companionship  in  the 
ield,  either  the  one  or  the  other  having  accompanied  me  on 
learly  every  occasion. 


I    LIST    OF    CHALK    PITS    IN    SURREY,    WEST   OF 
THE   RIVER   MOLE. 

The  numbers  of  the  pits  follow  on  from  those  given  in  my 
aper  on  the  Chalk  Area  of  North-East  Surrey  (Proceedings, 
bl.  XIX,  p.  200).  The  figures  in  brackets  are  the  approxi- 
ate  heights  above  the  ordnance  datum. 

Abbreviations  of  Zonal  Titles  used  in  the  Text  and 
Diagrams. 

M.t.  =  Marsupites  tesiudinarius, 
U.  =  The  sub-zone  of  Uiniacrinus  of  the 

Marsupites-zon^, 
C.a.  =  J//Vr<w/tfrr<?r-/7//o'«/«///?/(M.c.a.  in  the  diagrams) 
C.t.  =  Micraster  cor-testudinariwn  (M.c.t.   in  the 

diagrams). 
H.p.  =  Holaster  planus, 
T.g.  =   Terebratulina  gracilis. 
R.c.  =  Rhynchonella  cuvieri, 
H.s.   =  Holaster  subglobosus, 
A.V.   =  Ammonites  varians=Ch2\\i  Marl  (included 

in  H.s.  in  most  of  the  diagrams). 
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Sheet  25  N.E.  of  the  6-in.  Map.    Mickleham  District.       |  S^ 
No. 

196  (230').     At  Park  Farm,  Fetcham.     Very  small  exposure. 

197  (190220').  Hawkshill  pit.  Chalk  white,  with  numerous 
flints.  A  strong  tabular  is  shown  abruptly  ending  at  a  dip 
fault.  Fossils  not  plentiful,  but  quite  characteristic  of  zoii«- 
Synhelia  found.  [C-^i 

198.  (140-170').  Ice  House  pit,  Norbury  Park,  close  to  Ri^ 
Mole.  Tough  clayey  chalk,  strongly  veined  with  dark  g^t 
marl ;  numerous  flints  with  thick,  dull  earthy  cortex.    [H^S-i 

{Nos,  199  to  201  E.  of  River  Mole,) 

Sheet  No.  25  S.E.    Box  Hill  District. 

202  (470').     N.  of  Crabtree  Cottages.     Shallow,  overgrown,  n 
202a  (460').     Near  202,  in  Norbury  Park.     Very  small.    P^-^^i 

203  (220-270').     Chapel  Lane   pit  near  Camilla  Lacey.   ^^^S[. 
old  deep  pit,  large  rough  talus,  main  face  in  dangerous  cc^^ . 
dition.     Chalk  and  flints  of  upper  part  resemble  No.  19^^!, 
lower  part    more    marly.      Fossils    few,    but    5.    ^^^^^1\ 
relatively  abundant.  [T.g. :  E|^^{j 

204  (220').     In  field  quarter  mile  south  of  (Camilla  Lacey.   0^^""^ 
and  overgrown.  ^^-^Id 

205  (260-320').  Dorking  Lime  Works.  A  group  of  large  c^^^^ 
pits ;  have  been  worked  over  200  years.  Face  about  60  ^  n 
A.  plenus  marl  band  present  ("  Soap  ").  [H.s  :  R.c^     ^ 

206  (320').     A  little  E.  of  No.  205.     Abandoned. 

i^Nos.  207  /(^  235  i?.  of  River  Mole,) 

Sheet  No.  25  N.W.  Bookham. 

236A  (350').    Hale  pit,  near  Ralph's  Cross.   Old  and  full  of  tre^^^^ 

237A  (220').     Eastwick  pit.  Great  Bookham.     A  large  oldp^^  ^-^ 

very  little  used  and  partly  overgrown.     Flints  few;  fossi  ^'^A 

most  numerous  in  upper  part.  [M.c:^  'J 

238  (225').     Near  Bookham  Grove,  in  private  ground.    Full^ 
trees.  ^  ^1^. 

239  (225').     At  the  Grange,  Little  Bookham.     Large,  but  di  ^ 
used  many  years.     No  exposure.  -— cslv 

240  (280').  Rectory  pits.  Little  Bookham.  Chalk  strongC^^J 
jointed,  with  horizontally  slickensided  faces  showing  N.  *"^]^^l 
S.  movement.     Many  flints,  mostly  in  courses.  [Ca-^^^'' 

241  (250').     In  grounds  of  Manor  House.     Full  of  trees.  , 

242  (2 50').  In  grounds  of  Effingham  Lodge.  A  large  pit  on'  ^^^1^ 
occasionally  worked.  Chalk  white  and  soft,  scattered  flin^^^ , 
numerous.  [M.^'    '  'J 
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5 ').  In  grounds  of  Effingham  Lodge,  300  yards  S.  of 
242.  Here  the  dip  of  the  beds  has  brought  up  the 
*acrinuS'hsLnd.    Very  small.  [U.] 

').    At  Home  Farm,   Effingham.      Disused ;    full    of 

')•    At  Orestan  Farm.     Medium  size ;  full  of  shrubby 

;  small  exposure ;  many  flints.  [M.t.] 

').     On  Standard  Hill.     Small,  full  of  rubbish ;   flints 

chalk  much  iron-stained.  [U.] 

').  Warren  Farm  Pit,  Effingham,  quarter  mile  S.W.  of 
245,  in  shallow  valley,  which  has  cut  down  to  the  under- 
;  zone.  Chalk  rather  hard,  thick  bedded  with  flints, 
ils  scarce.  [C.a.] 

').     Smuggler's  Hole  pit,  Horsley  Towers.     Very  large, 

disused  nearly  100  years.  A  small,  dirty  exposure 
:  at  top  yielded  Marsupites.  [M.t] 

')  North     ) 

o')  Middle  >  In  Park  Wood,  Horsley  Towers. 
•')  South     J  On  western  flank  of  narrow  ridge  of  Eocene 

beds.     All  much  obscured, 
io').     Dancing  pit,  Horsley  Towers  (at  S.E.  comer  of 
5t  24  N.E.).     Very  old  large  pit.     Only  a  few  square 

exposed,  in  which  Marsupitts  and  sub-pyramidal 
Inocorys  were  found.  [M.t] 

Sheet  25  S.W.    Ranmore  District. 

►-450').    At  Phoenice  Farm,  Norbury  Park.     Very  old 
Large  exposure,  but  dirty  and  moss-grown.     Massive 
k,  many    flints,   some   with  bright  pink  cortex.      Few 
Is,  Actinocamax  verus,  [C.a.] 

►-380').  Milton  Court  pit  In  face  of  escarpment  south 
anmore  Church.  Very  old,  nearly  100  ft.  deep  ;  full  of 
J ;  large  talus.  [H.s. :  R.c.] 

0-450').     In  Yew  Tree  Lane,  Polesden  Lacey.     A  road- 
section    running    up  the  flank   of  valley;  junctions 
:ure.  [H.p.  (?)  :  C.t. :  C.a.] 

/).  Yew  Tree  Farm.  A  small  pit  on  opposite  side  of 
;y,  capped  with  clay-with-flints,  chalk  white  and  hard, 
e  large  flints,  no  fossils. 

veen  the  last  two  sections  a  well  has  been  sunk  in  the 
r  of  the  valley,  but  the  fossils  on  the  spoil  heap  are,  of 
se,  of  no  zonal  value. 
').  At  Pigdon.  Small  and  grassed  over. 
>-47o ').  Coomb  pit  In  lower  part  of  scarp  face.  Very 
huge  talus  yielding  R.c.  zone  fossils.  At  base  on  E. 
grey  chalk  is  seen.  [H.s. :  R.c] 
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255  (600').  In  Critten  Lane,  near  Dunley  Hill.  Large  pit, 
now  disused  and  badly  weathered.  Rather  hard  white 
chalk,  fossils  scarce.  [(?)  Ca.] 


Sheet  33  N.W.  Wotton  District. 

255 A  (400').  Pickett's  Hole  is  a  cup-shaped  hollow,  fully  350  ft 
deep,  cut  in  the  face  of  the  scarp  about  2^  miles  W.of 
Dorking.  The  crest  is  here  700  ft.  O.D.  A  small  pit  near 
bottom,   on   400  ft.   contour,   yielded   chalk  marl   fossils. 

[A.v.:H.s.] 

256  (410').  At  foot  of  White  Down,  two  small  pits,  lower  one 
shows  small  section  of  grey  chalk.  [H.s.] 

257  (690').  Quarter  mile  W.  of  No.  256.  Small  deep  pit,  full 
of  trees. 

258  (650').  In  Dunley  Wood.  Large  pit,  but  full  of  trees  and 
undergrowth. 

259  (480-500').  Dunley  Wood  lower  pit.  Small,  nearly  at  base 
of  scarp.     Grey  chalk  with  a  marl  band.  [H-s-l 

260  (480').  A  long  trench-like  pit  a  little  to  W.  of  259,  and  ^ 
same  level.  300  yards  to  S.  is  a  large  brickfield  in  tbe 
Gault,  and  a  sandpit  in  the  Folkestone  Sands,  the  sections 
being  separated  merely  by  the  S.E.R.  track.  Close  by  ^ 
the  granite  cross  marking  the  spot  where  Bishop  Wilberforce 
was  killed  in  1873.  [H-S-J 


Sheet  24  S.E.     Horsley  District. 

261  (400').  Rowbarns  pit,  West  Horsley.  Large  pit  about 
30  ft.  deep.  Chalk  white  and  rather  soft,  with  numerous 
flints,  and  a  sponge-bed  9  in.  thick  with  a  strong  nodular 
flint  band  i  ft.  above  it.  Fossils  not  plentiful  but  character- 
istic of  zone.  [C^;^'J 

262  (315').  Pole  pit.  On  main  road  quarter  mile  E.  of  ^Vest 
Horsley  Church.  Old  and  much  overgrown.  Fossils  few, 
flints  numerous.  [M.t-J 

263  (280').  Quarter  mile  W.  of  West  Horsley  Church.  Over- 
grown. 

263A  (300').     Wix  Farm  pit,  West   Horsley.      Old  and  rr\MCiv 
overgrown  but  with  small  dirty  exposure.     Flints  num^^'^'^^ 

264  (300-360').     Coombs  pit,  West  Horsley.     Fine  pit  wicl*^^^ 
exposure.     Fossils  not  abundant,  but  typical  of  zone, 
marked  bedding  planes,  strongly  jointed  with  flints  in  <^^ 

at  varying  intervals.  ^ 

265  (680').     N.W.  of  Woodcote  Lodge.     Small,  full  of  \x&^ 
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266  (640').     300  yds.  S.  of  No.  265.     Small,  full  of  trees. 

367  (300').  On  main  road,  near  Fuller's  Parm.  Small  and 
shallow,  grassed  over. 

a68  (350').  Downs  House  pit.  East  Clandon.  Shallow,  not 
much  used.  Chalk  white,  with  a  bed  of  hard  unfossiliferous 
yellow  nodular  chalk.     Micraster  rare,  Comdus  common. 

[C.a.] 

269  (620').  In  Staple  Lane.  Rather  large  but  old  and  mostly 
overgrown.  [C.a.] 

270  (290').  In  main  road  at  East  Clandon.  Large  pit,  but 
quite  full  of  trees  and  undergrowth. 


Sheet  32  N.E.    Shere  and  Gomshall  District. 

^71  (600-650').     On  Hackhurst  Down  in  face  of  scarp.     Large 

old  pit,  disused.    Large  talus.    Chalk  hard,  lower  part  marly 

and   flintless ;   upper  part  with  many  flints  and  large  size 

Tertbratula  semigiobosa,  [T.g.  :  H.p.] 

-37 lA  (450').     A   small   pit    150  ft.   below  the  preceding  shows 

junction  of  lower  and  middle  chalk  with  marl  band  i  ft. 

Ihxda  y\^\6\r\g  Actinocamax pienus,  [H.s.  :  R.c] 

372  (480').  200  yards  S.E.  of  No.  271.  Very  old,  full  of  trees. 
-373  (450').     In  Beggars  Lane,  quarter  mile  W.  of  No.   271  a. 

Very   hard   white   chalk,    no   flints.     Inoceramus  mytiloidts 

abundant,  other  fossils  scarce ;  Cardiaster  pxi^mcfus  found. 

[R.C.] 
^374  (400).     At  Kingswood  Hangers.     Very  small,  disused,  grey 

chalk  with  strong  vertical  joints.  [H.s.J 

^^IS  (53^5^0)-     Near  Colekitchen  Farm.     Very  large  workings, 

but  long  abandoned.     Large  rubbly  talus.  [R.c. :  T.g.] 

^376  (500').     At  Netley  Plantation.     Two  old  pits  in  thick  wood. 

Large  talus.  [T.g.  :  H.p.] 

-377  (500').     Sherborne    pit,    above     Silent    Pool.      Chalk    of 

unequal    hardness.     Scattered    nodular    flints    numerous ; 

fossils  plentiful.      The  abundant  Micr asters  mostly  indicate 

the  top  of  H,  planus-zon^^  with  passage  forms  merging  into 

M.  cor-testudinarium-ionc  type.  Pentacrinus  found.  [H.p.] 
-^77A  (350').     Ver>»   small   path-side  section    150   ft.  below  the 

preceding.     Marly,  flintless  chalk.  [?  T.g.] 

-^78  (480-540').     Opposite  Juniper  Hill,  Shere.     Large,  very  old 

pit ;  no  exposure,  but  large  rubbly  talus,  with  many  flints. 

Pentacrinus,  [^^-P-] 

^379  (370').     N.  of  Medlands  Farm,  Small.     Chalk  white  and 

hard,  flintless,  and  nodular  in  places.  [R.c] 

^80  (400').     At  E.  end  of  Albury  Down,  by  side  of  road.     Dull 

white,  tough,,  flintless  chalk.  X^'%\ 


■m  ^w:' 


28: 


.»HL..^,  jiuw  ubcu  as  rine  range, 
east  side   there  is  a  scattered 
I'roken),    reminding    one    of   tl 
Mdrsu/'ifiS  band  at  Margate. 
(400  ).     Roadside  section  overl< 
abundant,  in  courses  and  scatt 


282A  (500').     Newlands  House  pit 
282.     Chalk  very  white. 

283  (260').     In  Clandon  Park.     Tv 
of  trees. 

284  (400').  On  Merrow  Golf  Links 
284A  (400').     Merrow    Downs  pit, 

Bottom,  not  marked  on  6-in.  m: 
with  fair  exposure.  Chalk  rath* 
and  two  distinct  bands  6  in.  apa 
C.t.  type  numerous,  but  mos 
5  degrees  N. 

285  (230').  At  Pit  Farm.  Disused. 
285A  (230').  At  Box  Grove  House. 
285B  (230').     At  Merrow  Grange.    ( 

Sheet  32  N.W.  Chilw< 

286  (360').     Albury  Downs  Pit.     A 
lands  Corner.      Base  is  of  mass 
A,  pltnus  marl   dipping  at  abo 
yellowish  nodular  chalk,  much 
zone  fauna. 

287  (400').     Near    Whitelane    CottJ 
chalk. 

287A  (430').    Close  to   287.      Verj 
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(300-350').  "Chimney"  pit,  on  Pewsey  Hill,  Guildford. 
Large  pit  near  crest  of  scarp.  About  lo  ft.  from  top  is  a 
strong  orange  nodular  band.  About  half-way  up  is  a  hard 
band  with  many  Polyzoa.  [H.p. :  C.t. :  C.a.] 

Sheet  23  S.E.    Guildford,  North. 

(170').  In  York  Road,  near  London  Road  Station.  A 
large  disused  pit.  Chalk  white  and  soft  with  many  scattered 
flints.  Dip  about  10**  N.  Marsupitts  common  and  mostly 
well  ornamented,  Actinocamax  granuiatus^  Micraster  rare. 

[M.t] 
(130-190').  At  Guildford  Railway  Station.  Lower  part 
alone  accessible.  Chalk  white  with  many  regular  lines  of 
flints.     Dip  about  12^  N.  [C.a.] 

Sheet  31  N.E.    Guildford,  South. 

(240-320').  Echo  Pit,  on  Pewsey  Hill.  Large  picturesque 
pit  Massive,  well  bedded  chalk  with  many  flint  courses  and 
a  few  feet  of  flintless  chalk  at  the  base.  Dip  very  gentle. 
Micraster  cor-bovis^  large  Tertbratula  semigiobosa^  Cyphosoma 
radiatum,  etc  [T.g.  :  H.p.] 

(200-300').  Williamson's  Quarry,  in  Quarry  Street.  A  huge 
excavation,  now  disused.  Chalk  very  hard.  Resembles  the 
preceding,  but  the  flint  courses  and  the  bedding  are  better 
seen.  Dip  about  8^.  Many  fossils  in  H.p.  zone  ;  Holasttr 
planus^  Micraster  cor-bovis^  M.  ieskei,  gibbous  form  Echino- 
corys^  Pentacrinus,  etc.  [T.g. :  H.p.  :  ?  C.t.] 

I  (170-250').  Rifle  Range  pit.  This  is  practically  a  con- 
tinuation of  the  previous  section,  but  contrasts  in  the  entire 
absence  of  flints,  except  at  top  of  north  end.  Upper  part 
marly  and  massive  with  few  fossils.  Lower  part  much 
shattered  by  bullets.     Discoidea  dixoni  on  fallen  block. 

[R.ciT.g.:  H.p.l 
(300').  Wilderness  Farm  pit.  Small,  chalk  white  and  soft, 
scattered  flints  abundant  with  two  ill-deflned  bands.  Dip 
about  15°  N.  [U. :  M.t. J 

(320').  Manor  Farm  pits.  Flints  numerous  and  a  thin 
tabular  band  which  is  much  shattered.  Well  sculptured 
Marsupites  plates  common.  [M.t] 

(320').  Down  Place  pit.  Very  small.  On  same  horizon  as 
preceding. 

(360-400').  Arlington  pit.  Nearly  half-mile  S.  of  No.  296. 
On  south  flank  of  Hog's  Back  about  50  ft.  below  the  crest 
Chalk  hard,  white  and  massive.  Flints  numerous,  in  bands 
and  scattered  nodules.     In  the  upper  part  a  thick  tabular 
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band  with  a  band  of  hard,  yellow,  nodular  chalk  above  it  (in 
which  Micrasttr  precursor  of  C.t.  zone  type  is  common) 
apparently  marks  the  zonal  junction.  20  ft.  below  this  is  a 
marl  band.  [H.p. :  C.t] 

300  (300').  One-sixth  mile  W.  of  No.  299.  Very  old,  full  of 
trees. 

301  (330').  Cherry  pit.  Very  old,  full  of  wild  cherry  trees,  but 
with  a  small  exposure  which  yielded  Glyphocyphus  radiatus. 
Chalk  hard  and  marly.  [?  T.g.] 

301 A  (300O  Conduit  Farm  pit.  Called  "  Old  Sandpit"  on  map. 
Very  small;    chalk  very  hard,   dark   coloured,    no  flints. 

[?R.cl 
200  yards  to  the  south  is  a  pit  in  the  Lower  Greensand 
(Folkestone  sands).  In  this  short  distance  there  is  not  room 
for  the  outcrop  of  the  whole  of  the  Gault,  Upper  Greensand, 
and  Lower  Chalk,  and  probably  part  of  the  zone  of 
R.  nivitri  also.  Some  of  the  beds  are  evidently  cut  out  by 
the  Chantries  strike-fault,   which  has   not   yet  died  away. 

302  (325').  Down  Lane  pit.  At  foot  of  scarp.  Worked  in 
patches.  S.  end  shows  typical  grey  chalk,  and  the  N.  end 
hard  white  chalk  with  R,  cuvitrL  A,  pltnus  marl  not  seen. 
A  little  to  the  S.  is  the  artistic  pottery  (Gault)  established  by 
the  late  G.  F.  Watts,  R.A.  [H.s. :  R.cJ 


Sheet  31  N.W.     Wanborough  and  Puitenham. 

Z^l  (330')-  At  Chalkpit  Farm.  Very  large  old  pit,  much  over- 
grown and  badly  weathered.     Talus  yielded  Uiniacrinus.kc^ 

[U.] 

304  (330')-  One  third  mile  W.  of  preceding.  Deep  circular  pit 
full  of  trees  ;  no  exposure. 

305  (3IO-340')-  At  East  Flexford.  A  very  long,  narrow  and 
deep  pit,  mostly  overgrown.  Dirty  exposure  at  east  end. 
Chalk  white  and  soft  with  numerous  flints.  Dip  about 
15  degrees  N.  fM.t] 

306  (340').  Quarter  mile  E.  of  Wanborough  Church.  Veryold. 
A  large  and  deep  excavation  now  full  of  trees. 

307  (310').  Close  to  Wanborough  Church.  Very  small ;  rather 
rubbly  soft  chalk.  [M.t] 

308  (350-380').  Wanborough  South  pit.  One-third  mile  S.  of 
No.  307.  Chalk  white,  hard  and  tough,  fossils  few,  flints 
abundant,  mostly  in  bands.     Dip  about  25°  N.  [Ca.] 

309  (450').  Puttenham  Upper  pit.  On  crest  of  Hog's  Back. 
Small,  mostly  grassed  over,  but  one  small  exposure  yielded 
typical  fossils  of  the  zone,  including  a  Trochus,  fH.p.1 

309A  (450').  Quarter  mile  E.  of  preceding.  A  long,  narrow 
trench,  full  of  trees. 
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310  (390').  Puttenham  West  pit,  not  visited,  classed  by  Survey 
as  Upper  Greensand,  Cret.  Mtm,^  vol.  i,  p.  102. 

311  (380-400').  Puttenham  East  pit  Large  pit,  but  little 
worked.     Massive  grey  chalk  with  Marcasite  nodules.   [H.s.] 

312  (360-480').  Monkshatch.  A  very  large  pit  in  private 
grounds,  now  disused.  A  series  of  detached  exposures 
affords  a  fairly  continuous  section.  (See  Cret,  Mem.^  vol. 
iii,  p.  176.)  In  the  upper  part  the  yellow  nodular  band 
at  base  of  Ct.  zone  seen  in  No.  299  is  also  found  here 
(and  in  the  next  pit),  but  the  band  of  tabular  flint  below  it 
is  much  thinner.     Dip  about  25^  N.         [T.g. :  H.p. :  C.t.] 

31 2A  (400-480').  Mrs.  Sturgess's  pit.  A  long,  narrow  and  deep 
trench  just  W.  of  the  preceding,  and  showing  similar  section 
to  its  upper  part.  [H.p. :  Ct.] 

313  (450-475').  Pitfield  House  pit.  Close  to  crest  of  Hog's 
Back.     Small  and  much  overgrown.  [H.p.) 

314  (420-450').  Inwoodbarn  pit.  Moderate  size,  chalk  hard, 
with  many  flints  in  bands,  fossils  few.     Dip  about  50^  N. 

[C.a.) 

315  (330').  Shoelands  pit.  Small  and  much  overgrown.  No 
fossils.     See  Cret,  Mem.y  vol.  i,  p.  102. 

31 5A  (380').  Small  roadside  section  50  ft.  above  preceding. 
Massive  grey  chalk  with  Marcasite  nodules.  [H.s.] 

Sheet  30  N.E.  Seale. 

316  (400-440').  White  Lane  pit  Very  large,  but  little  used. 
Chalk  white  and  hard,  with  many  flint  courses.  Fossils 
few,  probably  in  the  barren  lower  third  of  zone.  Dip 
60^  N.  [C.a.] 

317  (350-420').  Seale  Lime  Works,  in  Wood  Lane.  See  Cret. 
Mem,^  vol.  ii,  p.  55.  Near  to  the  preceding,  but  on 
opposite  (S.)  side  of  Hog's  Back.  Very  large.  Lower 
part  massive  grey  chalk  with  4  to  5  ft.  of  A,  plenus  marl  at 
top,  succeeded  by  rough  blocky  nodular  chalk,  containing 
Discoidea  dixoni^  /.  mytiloides^  &c.  Dip  60*^  N.  curving  to 
70*^  at  the  top.  [H.s.  :  R.c.  :  ?T.g.] 

318  (380'). 

319  (360'). 

320  (390').  Near  Poyle  Hill  House.  Deep,  bowl-shaped  pit, 
full  of  trees. 

321  (360').     Victory  North  pit.     A  long,  deep  pit,  full  of  trees. 

322  (280-370').       The    Victory  pits.      These    two    pits    form 

323  practically  one  large  pit,  as  they  are  separated  merely  by  a 
roadway  which  runs  along  the  junction  of  the  Middle  and 
Lower  Chalk.  A.  plenus  has  been  found  here,  and  the  marl- 
band  can  be  seen  in  places  at  the  top  of  the  lower  pit. 
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The  upper  is  the  older  and  larger,  but  the  lower  is  the 
one  principally  worked  now  (see  Crtt  Mtm.^  vol.  ii,  pp.  55, 
386,  388,  and  vol.  iii,  p.  176.)  [H.s. :  Re  :  T.g. :  H.p.] 

324  (340').  Tongham  Lane  pit.  On  crest  of  Hog's  Back  at 
comer  of  lane  leading  to  Tongham.  A  long  narrow  pit 
running  across  the  strike.  Chalk  much  disturbed;  dip 
increases  from  about  45**  at  N.  end  to  nearly  vertical  at  S. 
end.     Fossils  mostly  broken.  [C.t:  Ca.] 

324A  (330').     A  few  yards   S.   of  No.   324.       Overgrown,  no 

exposure. 
324B  (270').     Near  Grange  Farm,  Tongham.      A  small  exposure 

in  an  old  pit,  several  plates  of  Marsupites  found.         [M.t] 

325  (300').  This  is  the  N.E.  pit  of  a  group  of  four  shallow  pits 
at  western  end  of  the  Hog's  Back.  Very  hard,  dull,  white 
chalk,  with  numerous  flints,  many  of  which  are  shattered 
High  dip.     The  other  three  pits  are  now  overgrown.  [H.p.] 

326  (280').  Badshot  Farm,  North  pit.  Large,  old  pit,  mudi 
overgrown.  Chalk  very  white,  flints  numerous,  fossils 
scarce.     Dip  about  40**  N.  [?  C.t :  Ca] 

327  (270').  Badshot  Farm,  South  pit.  For  full  description  see 
p.  434.  [A.V.:  H.s.-T.g.:?H.p] 

Sheet  30  N.W.     Farnham. 

328  (280').  Trimmer's  Hospital  pit  A  long  trench-like  pit, 
under  fence  of  Farnham  Park.  Greyish,  flintless  chalk, 
darker  when  wet.  [H.S.] 

328A  (300').  On  N.  flank  of  strike  valley  in  Farnham  Park, 
grassed  over. 

329  (300').  Hop  Field  pit,  Farnham.  Quarter  mile  W.  of 
Castle.  Very  small.  Chalk  marl,  very  dark  when  wet 
several  typical  fossils  found.  [A.V.] 

329A  (320-370').  In  face  of  scarp,  200  yards  N.W.  of  the 
preceding.     Large,  but  old,  and  full  of  trees. 

330  (310').  Claypit  Gully  pit  At  lower  end  of  Gully,  near 
Crondall  Lane.  Small.  Creamy  flintless  chalk  with  marly 
bands  at  S.  end,  but  whiter  with  a  few  scattered  flints  at 
N.  end.      Dip  about  45°.     Fossils  few.  [T.g. :  ?  H.p] 

331  (310')  Lower  Old  Park  Gully  pit,  half  mile  W.  of  No.  331. 
which  it  much  resembles.  [Tg.] 

Two  other  pits  near  Dippenhall,  marked  on  6-in.  map 

as  "  Old  Quarry  "  and  "  Chalk  Quarries  "  respectively,  are 

both  in  Upper  Greensand.      The  latter  is  described  in  CnU 

Surv,  Afem.^  vol.  i,  p.  109. 

Total  number  of  sections  in  each  zone :  A. v.  4 ;  H.s.  iS ; 

R.C.  14 ;  T.g.  17  ;  H.p.  20  ;  C.t.  9 ;  Ca.  20 ;  M.  18. 
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LIST  OF  FOSSILS  FROM  THE  CHALK  OF  SURREY. 

In  compiling  the  following  list  of  fossils  I  have  attempted  to 
indicate  the  relative  abundance  of  the  species  in  the  various 
zones,  but  further  search  may  possibly  modify  some  of  the  pro- 
proportions  given. 

No  species  is  recorded  on  the  evidence  of  bought  specimens 
alone,  every  one  mentioned  having  been  found  either  by  myself 
or  by  Messrs.  Johnson  and  Wright  in  my  presence.  This 
accounts  for  the  paucity  of  the  list  in  certain  groups  which  are 
more  frequently  found  by  the  quarryman  than  by  the  geologist 
himself.  It  is  sometimes  asserted  that  chalk  fossils  are  not  easily 
found  by  the  amateur,  but,  in  my  experience,  given  a  moderate 
amount  of  perseverance,  a  fair  list  can  usually  be  made  without 
much  difficulty. 

The  list  is  poor  in  sponges,  which,  although  not  uncommon, 
are  generally  badly  preserved ;  but  most  of  the  species  of 
Forosphara  can  be  found  with  a  little  patience. 

Echinoderms  are  very  abundant  I  have  not  attempted  to 
identify  the  Asteroidea,  of  w^hich  only  isolated  ossicles  were 
found,  but  happily  Mr.  Spencer's  recent  work  on  this  group  will 
render  this  task  more  easy  in  the  future.  The  Echinoidea  afford 
some  of  the  most  reliable  zonal  guides  for  the  shape  variations  of 
Echinocorys^  and  the  details  of  ornament  in  Micraster  hold  good 
in  a  remarkable  way.  The  tumid  variety  of  Conulus  albogaltrus  is 
rather  common  at  the  top  of  the  Ca.  zone. 

Thanks  to  the  kindness  of  Mr.  Lang,  I  am  able  to  give  a  long 
list  of  Cyclostomatous  Polyzoa,  but  a  quantity  of  the  Cheilosto- 
matous  group  is  still  awaiting  examination.  The  Brachiopoda 
are  rich  in  individuals  though  not  in  species,  but  Terebratulina 
Rawd  is  decidedly  rare,  while  T,  striata  ranges  from  top  to 
bottom. 

Lamellibranchs  are  very  widely  spread  and  plentiful.  Ostraa 
and  Inoceramus  were  usually  found  as  fragments  only,  and 
specific  determination  is  difficult.  Gasteropods  and  Cephalopods 
are  rather  rare,  but  further  search  in  the  lower  zones  would  pro- 
bably yield  additional  species  of  Ammonites. 

Sharks'  teeth  do  not  often  fall  to  the  share  of  the  searcher, 
although  so  frequently  found  by  the  quarryman,  whose  eye  is 
caught  by  their  conspicuous  form  and  colour,  and  the  list  of  this 
group  is  meagre.  Fish  scales  are  often  met  with,  but  they  occur 
mostly  as  the  lining  of  the  worm  tubes  of  Terebella  iewesiensis. 
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C  a  common  ;  x  s=  moderately  common  ;  R  rarare. 
Zonal  abbreviations  as  given  on  p.  441. 


1 


T,^. 


^,A 


€.  iX.M.X,t, 


PI  aco  psili  n  a  €«n  omana ,  d'OrK   *  *  ^ 
Cliona  cretacea,  Port 
Dory  derma  ramosum,  MamL 
Pharctospongm  sirahani,  Sol/as.,, 
Plintbosclb  aquamosa,  Z)i/, 
PoTOspha?ra^  IT  recta  t  Hindi         ,.. 
,j  globular  is,  Phti, 

„  fiuciformjs,  E^tfB  ^n^. 

„  patelliformls,  Hind* 

,,  plUoluSi  Z<fi!n. 

Svphonia  KUnigi,  ManL  ... 
VenirJculitea  Impreaaua,  71  Smith 
f,  radiatuv^  Ml*/, 

Hydrozoa  .,*         --i , 

Parasmilia  centralis,  M<LnL 
Spinopom  diitoTii,  Lendi„^, 
Synhelia  sharpeanai  £.  6t  H.     *-* 
Asteroids... 
Bourgueiicnnua,  sp. 

„  nipple-head 

Cardiaster  pygmocus,  ForUs 
Cidaria  Bowerbanki,  Forhts 
„      ctavigcrJ,  Kixnig  „, 

,^      dissimilts,  Forbes 

,j      hirudOf  St^ig.       , 

„      peromala,  Fttr&n*., 

„       scepirifefa.  Mamt„^^ 

,p      serriferai  F^rbrs   „, 

, ,       sub vc  sic  u  I  osa ,  d'  OrA. 

Conulus  albo-galcrus,  /,»i/. 

^,  jj       tumid  form 

,,        sub-rotundus^  Mattt.     ... 

Cyphosoma  coral  late,  A7«s 

„  ktinigi,  Afanf, 

^,  raJumm,  S&rig. 

Discoldea  cylindrical  Lom. 

,,         dijtoni,  forUs  ... 

Echinoconus  (j/r/  Coiiulus) 

Echinocory a  scuiatuSt  Ltskt  (gibbous)  ..» 

I,  ti  t.      (targe  dome) 

t.  (stjb-pjTurnidal) 

„  „  „     (tall  dome)... 

Epiaster  gibbus,  Zd^^ 

Glypho^yphus  radiattis,  Ham,    ... 

Hemiaster  minimus,  Ag.  *.. 

Ho  la  sier  placenta, -?f.     .,* 

„         planus,  il/awf, 

^,         subglobosus,  Z«>t# 
„         trecensisi  Ltym...^ 
Infulaster  conccntricua,  I^^si 
Mar&upitea  tcMudinariuSj  ScAIeiA 
Rlicrasiercor-anguinum,  ^/^w  .*, 


R. 


:::l 


R. 


C. 


C. 


X 

I. 

c 
c 


c 

X 


£* 


X 
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A.  v:h.  s. 

ie.  c.V.^.W./. 

c. 

C^M.t. 

tiar         

R. 

R. 

vis,  Forbts         

... 

.•• 

... 

X 

X 

... 

,  Dtsm 

... 

... 

... 

c. 

... 

rsor  Rowt  M.ca-.  type 

... 

... 

... 

... 

... 

X 

!.! 

„     M.c..t.  type 

... 

... 

... 

... 

... 

c. 

... 

..• 

„     van  cor-icsiu- 

dinarium,  Gold/, 

... 

... 

... 

... 

... 

X 

... 

•  •• 

„     H.p.typc     ... 

... 

... 

... 

... 

c. 

... 

... 



... 

... 

... 

... 

X 

... 

... 

X 

•••        *••        .*•        ... 

... 

... 

... 

... 

X 

... 

... 

... 

'P'  ,      

... 

R. 

... 

... 

•  •• 

... 

... 

... 

ca,  yf^. 

... 

... 

... 

... 

... 

... 

R. 

iiii 

... 

... 

... 

... 

... 

c. 

cea,  Sow.           

... 

... 

... 

... 

X 

X 

.,  5:  Woodw.      

... 

... 

X 

X 

X 

X 

',  Sow 

... 

... 

... 

X 

..• 

w 

... 

... 

... 

X 

X 

X 

... 

s,  Sow. 

... 

... 

X 

X 

.  Woodw 

... 

... 

... 

X 

X 

X 

X 

SVw 

... 

... 

... 

X 

2L,S0W 

... 

... 

... 

... 

X 

X 

X 

Jnsis,  Daviis      

... 

... 

... 

... 

X 

X 

•••         .*.         ...         ... 

... 

... 

... 

X 

X 

X 

X 

)lanata,  Rcem 

... 

... 

... 

X 

:hsL^  vom //aj^ 

... 

... 

... 

X 

icc   Stomatopora  granu- 

Is,  £dw, 

... 

... 

... 

... 

X 

... 

... 

osa,  /^fuss 

... 

... 

... 

,, 

X 

:aenosa,  /^euss 

... 

... 

... 

X 

iris,  d'OrS 

... 

... 

... 

X 

X 

var.  gamblci 

... 

... 

... 

X 
X 

X 

X 

i,'d'Or&.Z        Z        Z 

... 

... 

... 

X 

... 

nblei,  Grt^.        

... 

... 

... 

... 

X 

X 

... 

nigcra,  Grg^.     

... 

X 

... 

X 
X 

X 

X 

X 

i,  ... 

... 

... 

... 

X 

X 

... 

... 

•    ••         •«.         ..•         ... 

... 

... 

... 

... 

X 

X 

Greg.      

... 

... 

... 

X 

X 

X 

►,  Af^uH.  and  P^rg, 

•  •. 

... 

... 

X 
X 

... 

X 

fA          

... 

... 

... 

X 

X 

X 

X 

lala,  /^guss 

... 

... 

... 

X 

icopiae,  d'Ord 

1,  kdm.^  var.  alectodes... 

... 

... 

... 

... 

X 

X 

... 

... 

... 

... 

X 

a,i?tfm.  var,  francorum... 

... 

... 

... 

X 

ita,  d'Orb 

... 

... 

... 

X 

U,  d*Orb 

... 

X 

X 

:ulata,  Reuss 

!!! 

!!! 

!!! 

X 

X 

•litoruin,  d'Orb 

... 

... 

... 

X 

X 

X 

SA,£dw 

... 

•.• 

... 

X 

X 

X 

•  •• 

sa  rowei,  Gng. 

... 

... 

... 

X 

•  •• 

..• 

jua,  d'Orb 

... 

... 

... 

X 

..• 

acilis,  Edw 

... 

... 

... 

X 

X 

X 

kssoc.  Vol.  XX,  Part  6,  1908.] 
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A.ti. 

N.  #. 

1                  ^        t       1 

Stomatopori  gmnukia,  Ed%B 

r~ 

... 

... 

XXX 

sp " 

... 

..* 

... 

... 

X 

X      K     X 

spicea,  Grtg. 

».* 

... 

... 

-..^ 

*.. 

X     X    .» 

Cranin  egnabergcnsiEi  RtU, 

,** 

... 

... 

... 

X 

X    

Kingcna  lima,  Difr 

X 

X 

... 

... 

... 

...      X  1  X 

RbynchdnelU  ciivien,  d'OrL      

.*• 

.*. 

c. 

X 

X 

1 

,,            limbata,  Schhik 

*'■» 

... 

... 

.(F* 

X 

X     L    « 

„           mantelHanji,  ^<ffw. 

X 

X 

... 

... 

..# 

...     .«    *«* 

„           martini,  Mant,     

X 

X 

..+ 

».F 

... 

«••     4«    ..< 

„            pticattlis^  «S<w«     .» 

... 

... 

,.4 

■  4* 

c. 

K.      C     11 

^y                  ,,          var.   ocioplicaia 

*.. 

... 

... 

... 

X 

.«*              4«*     ]      .*• 

,^                   ,,          var.  wood  ward  i 

-♦» 

.^. 

.*. 

... 

R. 

...              .*.      1      ,- 

,»           reedensis,  £"/^.     ,.. 

... 

.*■, 

..* 

... 

C. 

R-      C      C 

Tcrebnitula  carna,  S<m,,.. 

... 

... 

R. 

R.  ' 

C. 

e*    c    ^ 

ff           ovata,  .^<nv,     ... 

X 

... 

... 

-.,« 

... 

.*.  1  ...  1  «. 

,1          *emiglobQ5a,  S^w. 

X 

c. 

X 

X 

c.     c 

X    ». 

„          squamosa,  Mant,       

Terebratulina  gracilis,  Sckhth 

r** 

X 

..i 

C* 

c!    ,„ 



„           roweij  kitchin       

"■* 

... 

... 

... 

... 

... 

...    1. 

1,            siriata^  \VahL 

X 

X 

X 

X 

X 

X 

X      X 

Thecidium  weibcreUii  Morrii     , 

X 

... 

X 

»4v 

X      X 

ScaLpellum  maiimum,  S(m,        

..■ 

... 

.*# 

**. 

...f 

... 

...   ». 

*>.* 

... 

... 

v.* 

..* 

... 

R.  ,  K. 

CaproLJGa,  sp „ 

... 

... 

^r.. 

..* 

... 

-.• 

E-     .*- 

laocemmua  latus^  Gdd^ss        ! 

X 

X 

... 

--« 

... 

... 

...      *- 

„         myiiioides,  Mant ., 

c. 

X 

.4. 

--. 

**. 

..^i 

^.i.      »** 

sp 

X 

... 

... 

X 

c. 

c. 

c.    c 

Janiraf  see  Pecten  (Neithea)      ... 

.*■ 

.** 

... 

-.* 

... 

*mt 

...        ... 

Lima  globosa,  ^'pu/. 

K. 

**• 

.»• 

.1** 

.»♦ 

... 

.... 

... 

„     hoperi,  Sow.             

... 

... 

.** 

«.. 

a.     R. 

X 

..« 

Ostrsea  hippopodtum,  Nihi^ 

..i 

.... 

... 

.*« 

X       X 

... 

... 

,1      1  Litem  is,  iSiyw. 

nL.. 

+  *« 

... 

#.. 

...  1  ... 

X 

X 

^,       scmipliiTiajil/afl/,.., 

.-* 

... 

... 

... 

... 

... 

X 

..* 

n       ^P -         ".         

X 

X 

X 

X 

X 

X 

X 

X 

„      vcsicuhris,  Lam.            

... 

X 

».* 

... 

... 

-.. 

X 
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ORDINARY     MEETING. 

FklDAT»  MAftCH  6TH|  Z908. 

Prof.  W.  W.  Watts,  F.R.S.,  Pietidentp  in  the  Chair. 

The  following  were  elected  memben  of  the  Atsodadon: 
Christopher  James  Alezanderp  Mrs.  H.  Hendiiks,  Noanaa 
McCracken,  Frederick  Richard  Lanfear  Miller,  Herbeit  David 
Schloss,  Ivan  J.  Thatcher,  A.M.I.C.E. 

The  following  lecture  was  then  deliveied:  ''The  Afte- 
history  ot  the  West  Indian  Eruptions  of  1909,"  by  Tempest 
Anderson,  M.D.,  D.Sc.,  F.G.S.  The  lecture  was  copioiislj 
ilhistrated  with  lantern  slides,  showing  the  enoonous  amount  of 
denudation  that  had  taken  place  in  a  verjr  short  pmod. 

On  this  occasion  the  Association  was  Joined  by  the 
University  College  Old  Students'  Association,  of  whidi  the 
lecturer  was  President. 

Prof.  Watts  proposed  a  hearty  vote  of  thanks  to  Dr.  Tempest 
Anderson.  This  was  seconded  by  the  Provost  of  University 
College  and  carried  unanimously,  in  the  course  of  his  remarks 
the  Prov'ost  said  he  would  take  the  opportunity  of  thanking  the 
Geologists'  Association  for  their  valuable  gift  of  the  library 
which  had  recently  been  presented  to  the  College.  He  assured 
those  present  of  the  gratification  of  the  College  Authorities  at 
the  cordial  relations  so  long  subsisting  between  the  two  bodies, 
and  said  that  if  at  any  time  the  meml^rs  of  the  Association  felt 
that  some  change  in  the  details  of  arrangements  was  desirable 
he  hoped  they  would  not  sufifer  in  silence. 

The  President  oflFered  the  thanks  of  the  Association  to  the  Old 
Students'  Association  for  their  hospitality  and  for  the  entertain- 
ment which  was  to  follow  the  lecture.  He  also  to<^  the  oppor- 
tunity of  the  presence  of  the  Provost  of  University  Collie 
to  thank  the  University  Authorities  for  the  uniform  courtesy  and 
consideration  which  the  Association  had  always  met  with  at 
their  hands. 

The  members  then  adjourned  to  the  refectory,  where  they 
were  entertained  by  the  University  College  Old  Students'  Asso- 
ciation, who  also  aftenvards  provided  an  excellent  musical  pro- 
gramme in  the  Mocatta  Library. 
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ORDINARY    MEETING. 

Friday,  April  3RD,  1908. 

Prof.  W.  W.  Watts,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association :  J. 
A.  Bullbrook,  Miss  K.  N.  Fitzsimmons,  Miss  Edith  Goodyear, 
Frederick  Henry  Hatch,  Ph.D.,  M.I.C.E.,  F.G.S. ;  Miss  F.  J. 
Relf,  B.Sc. ;  John  Vick  Thomas,  A.M.I.M.E. 

The  following  lecture  was  delivered :  "  Coral  Islands  in  the 
Light  of  Modem  Investigations,"  by  C.  Gilbert  Cullis,  D.Sc, 
F.G.S.  The  lecture  was  illustrated  by  lantern  views.  A  vote  of 
thanks  was  moved  by  the  President  and  seconded  by  Dr.  Teall, 
who  showed  slides  of  Clipperton  atoll  and  gave  an  explanation 
of  them. 

In  illustration  of  the  Easter  excursion  two  series  of  fossils  from 
the  Paris  Basin  were  shown  by  Messrs.  J.  Francis  and  T.  W. 
Reader. 


ORDINARY    MEETING. 

Friday,  May  ist,  1908. 

Prof.  W.  W.  Watts,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
James  Byrne,  Arthur  H.  Gehrke,  F.R.G.S.,  Edward  Alfred 
Martin,  F.G.S.,  F,  Edward  Norris. 

The  following  paper  was  then  read :  "  Structural  Analogies 
between  Alloys  and  Igneous  Rocks,"  by  William  George 
Feamsides,  M.A.,  F.G.S.  The  lecture  was  illustrated  with 
lantern  slides.  A  short  discussion  ensued,  in  which  Messrs. 
Whitaker,  Elsden,  Tinker,  and  the  President  took  part 
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EXCURSION    TO    DARTFORD    AND    STONE. 

Saturday,  February  29TH,  1908. 

Directors :  E.  C.  Youens  and  S,  Priest,  F.G.S. 

Excursion  Secretary  :  A.  C.  Young. 

iJRtpvrt  by  The  Directors  ) 

A  PARTY  of  38  assembled  at  Dartford  Station  at  2.45  p.m.,  where 
they  were  met  by  Mr.  Youens  and  proceeded  by  tram  to  Stone, 
whence  a  short  walk  brought  them  to  the  Stone  Court  Chalk  Pit 

Mr.  Youens  said : 

"One  of  the  most  perplexing  problems  encountered  by 
students  in  archaeology  is  that  of  the  origin  and  purpose  of  those 
ancient  caverns  in  the  chalk  commonly  called  dene-holes.  These 
relics  abound  in  this  neighbourhood,  and  the  position  of  ninety- 
seven  is  indicated  on  the  6  in.  Ordnance  map  Kent  Sheet  ix.  It 
will  be  noticed  how  thickly  they  are  clustered  in  Stankey  Wood, 
near  Dartford,  but  a  still  more  numerous  assembbge  exists  in 
Cavey  Spring  Wood  (which  is  partly  outside  the  range  of  the 
map),  making  the  total  number  for  this  district,  within  a  range  of 
6  by  4  miles,  about  200.  Very  few  of  them  have  been  explored, 
owing  to  the  difficulty  of  drawing  the  debris  up  the  generally  deep 
and  narrow  shaft,  and  when  this  has  been  done  the  relics 
discovered  have  usually  been  the  bones  of  unfortunate  animals 
that  have  fallen  down  the  shaft,  and  must  have  suffered  a 
lingering  death  from  thirst  and  starvation. 

"In  the  dene-holes  explored  by  the  Essex  Field  Club  at 
Hangman's  Wood,  Grays  Thurrock,  were  found  the  bones  of 
human  beings,  the  horse,  ox,  sheep,  pig,  goat,  dog,  fox,  cat, 
badger,  pole-cat,  stoat,  weasel,  rabbit,  hare,  rat,  and  other 
species. 

"  Mr.  F.  C.  J.  Spurrell,  in  describing  two  of  these  pits 
(revealed  in  a  similar  manner  to  that  we  are  now  inspecting)  in 
the  chalk  pit  at  Crayford,  stated — *They  were  filled  in  with 
rubbish.  One  of  them  (the  eastern)  measured  from  the  surface 
to  the  chalk  18  ft.,  thence  to  the  floor  17  ft.  6  in.  The  floor  was 
of  flint,  from  6  in.  to  9  in.  thick,  which  had  been  taken  up,  and 
piled  in  a  heap  at  the  side  of  the  chamber.  No  tool  marks  of 
metal  were  found  on  the  walls.  From  the  floor  rose  an  obtuse 
cone  of  sandy  clay,  washed  in  very  slowly  by  the  rain. 
Flakes,  scrapers,  &c.,  of  the  Neolithic  Stone  Age,  were  found  in 
this  clay ;  then  a  layer  of  Roman  and  Romano-British  pottery ; 
then  bones  and  rubbish  to  the  top.  If  we  remember  the 
time    which    has    passed    since    the    deposit    of    the    Roman 
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remains,  we  can  estimate  that  which  passed  previously  to  the 
time  when  the  soil  began  to  wash  into  it  after  its  abandon- 
ment.' 

"The  general  characteristic  of  dene-holes  is  a  perfectly 
straight  shaft,  passing  through  the  soil  until  the  chalk  is  reached, 
which  sometimes  occurs  at  a  depth  of  1 2  ft  or  less  (as  is  the  case 
with  the  example  we  are  now  inspecting);  in  other  places  the 
chalk  is  at  a  much  lower  level,  as  at  Abbey  Wood,  where  the 
shafts  are  50  ft.,  and  at  Eltham  1 20  ft.  They  are  generally  (when 
perfect)  about  2  ft.  or  3  ft.  in  diameter,  and  many  have  foot-holds 
to  aid  the  users  in  ascending  and  descending.  In  others  may  be 
seen  the  scoring  in  the  sides  caused  by  a  rope,  used  probably  for 
the  same  purpose,  or  for  extracting  the  chalk.  Sometimes  the 
shaft  was  protected  at  the  upper  part  by  *steining'  with  flints  to 
prevent  the  sand  and  gravel  falling.  I  am  able  to  show  you  an 
enlarged  photograph  of  an  example  of  this,  discovered  adjacent 
to  Heath-lane,  near  the  east  side  of  Dartford-Heath,  in  1896, 
This  shaft  was  quite  choked  up,  and  had  not  been  explored. 

"  The  shaft  usually  gives  access  to  more  or  less  symmetrically 
excavated  chambers  in  the  chalk.  In  Kent,  examples  occur  with 
one,  two,  three,  and  (as  is  the  case  here)  six  chambers.  Two 
good  examples  of  the  single  trefoil  plan  dene-hole  existed  in  Shep- 
herd's-lane,  Dartford.  In  one  of  them  the  rough  sides  of  the  three 
caves  were  covered  all  over  with  the  marks  of  a  pointed 
implement,  like  a  pick.  The  depth  from  the  surface  to  the  floor 
of  the  caves  was  38  ft.     Both  are  now  filled  up. 

"  Most  of  the  dene-holes  in  Grays  Thurrock  had  six  chambers, 
arranged  in  double  trefoil  plan.  It  is  important  to  note  that, 
although  the  shafts  are  so  thickly  clustered  together,  both  at 
Grays  and  Cavey  Spring  and  Stan  key  Woods,  there  is  no  com- 
munication between  the  caves  under-ground,  and  this  fact,  I 
think,  furnishes  us  with  a  strong  argument  against  the  theory 
that  they  were  dug  merely  for  the  sake  of  the  chalk.  And  why 
did  they  labour  at  so  many  shafts,  when  one  or  two  would  have 
suflSced?  Again,  why  dig  down  50  ft.  or  100  ft.  for  chalk,  when 
it  could  be  got  almost  on  the  surface  a  short  distance  away  ? 

"  With  some  diffidence,  I  venture  to  express  the  opinion  that 
these  workings  are  pre-Roman,  since  several  instances  are  recorded 
of  dene-holes  haN-ing  been  utilized  by  that  people  as  rubbish  pits. 
Again,  this  field  was  used  as  a  cemetery  in  Roman  times,  and 
skeletons,  with  various  fictile  vessels,  have  been  found  there,  close 
by  the  spot  where  the  shaft  of  the  dene-hole  came  to  the 
surface.  I  think  it  must  have  become  filled  up  before  their 
time,  or  they  would  not  have  selected  that  as  a  burial-place. 
Owing  to  the  kindness  of  J.  J.  Hewitt,  Esq.,  J. P.,  the  Roman 
vessels  found  are  now  preserved  in  the  Dartford  Museum. 

"The  work  of  excavating  the  fallen  soil  and  debris  in  the 
Stone    Court    dene-hole    was   commenced    on    Tuesday,  25th 
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February,  when  the  north  chamber  was  cleared,  and  a  photo- 
graph taken  of  the  section  exposed  on  the  left  of  the  shaft 
looking  south.  The  chalk  floor  of  this  chamber  was  level  and 
smooth.  It  is  13  ft  6  in.  long  by  8  ft.  wide,  and  17ft.  9  in. 
from  floor  to  apex  of  roof.  In  it  were  found  several  bones 
and  snail  shells. 

"Four  other  chambers  were  cleared  on  the  following  days 
so  that  only  one  remained  filled  with  d&bris  at  the  time  of  the 
Association's  visit  on  the  29th  February.  A  small  piece  of  tile, 
probably  Roman,  was  found  about  i  ft.  above  the  floor,  and 
a  number  of  bones  on  the  floor  shelf.  The  greater  number 
of  these  bones  are  the  remains  of  several  dogs ;  but  there  are  a 
few  bones  of  ox,  sheep,  horse,  and  hare. 

"  In  conclusion,  I  eagerly  seize  this  opportunity  of 
expressing  our  great  indebt^ness  to  the  Stone  Court  Quarry 
Co.  and  J.  J.  Hewitt,  Esq.,  J.P.,  C.C.,  for  their  kindness  in 
allowing  us  such  unique  facilities  for  inspecting  this  interesting 
relic  of  bygone  ages.  I  should  also  like  to  acknowledge  the 
personal  kindness  of  Mr.  H.  Coulter  (the  foreman),  and  also 
the  intelligent  interest  taken  in  the  work  by  the  men — ^John 
Dooney,  Albert  Hibben,  and  W.  Burgess,  who  gave  every 
assistance  in  preserving  the  relics."  * 

After  an  hour  spent  in  the  dene-hole,  discussing  the  probable 
age  and  use  of  these  excavations,  the  party  had  a  pleasant  walk 
of  half  a  mile  or  so  to  the  village  of  Stone,  where,  in  the  school- 
room, Mr.  S.  Priest  had  set  out  for  inspection  a  large  series  of 
fossils  collected  by  himself  in  different  parts  of  England.  Among 
the  more  particularly  interesting  of  these  were  a  series  of  ironstone 
nodules  from  Staffordshire  containing  not  only  well  preserved 
fern  fronds,  but  also  a  number  of  arachnids  and  Crustacea. 
There  were  likewise  some  good  trilobites  and  other  fossils  from 
the  Wenlock  limestone  of  Dudley,  good  examples  of  which  are  so 
rarely  collected  nowadays.  Oolitic  and  cretaceous  fossils  were 
also  included  as  well  as  some  good  examples  of  flint  implements 
recently    obtained   from   Swanscombe. 

After  a  visit  to  the  remarkable  Church  at  Stone, 
the  interior  of  which  reminds  one  of  Westminster  Abbey, 
the  party  returned  by  special  electric  car  to  the  Dartford 
Technical  Institute,  where  a  Museum  is  just  being  formed, 
Mr.  E.  C.  Vouens,  who  is  the  moving  spirit  of  the  enter- 
prise, explained  what  was  being  done,  and  showed  some  of 
the  specimens  already  brought  together.  There  are  some 
interesting  Roman  remains  of  local  interest ;  a  large  number  of 
pebbles  from  the  Dartford  gravels,  collected  by  Mr.  Ralph  Youens, 
includes  an  unusually  varied  series  of  quartzites,  radiolarian  and 

•  NoTH.— From  a  done-hole  in  Darrenth  Woods,  explored  by  Mr.  Priest  since  the 
Excursion,  Mr.  E.  T.  Newton  has  identified  many  bones  of  several  doRs,  also  fox. 
badKer,  hare,  rabbit,  sheep,  rook  (or  crow),  and  water- wagtail.  There  is  likewise  one 
human  finger  bone. 
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R?iax€lla  cherts,  also  chert  of  Carboniferous  age  and  some  rolled 
specimens  of  Gryphaa  (Jurassic),  and  many  other  rocks  ;  some 
fine  Palaeolithic  implements,  together  with  mammoth  and  other 
mammalian  teeth  and  bones,  had  been  found  only  a  few  days 
before  the  visit  of  the  Association ;  and  an  ammonite  preserved 
in  flint,  which  had  been  found  in  West  Hill  Chalk  Pit,  Dartford. 
A  hearty  tea  was  enjoyed  at  the  "  North  Pole  "  restaurant, 
after  which  votes  of  thanks  were  passed  to  the  directors,  Mr.  E. 
C.  Youens  and  Mr.  S.  Priest.  There  being  time  to  spare,  the 
discussion  on  the  "  Dene-holes  "  was  resumed, 

Mr.  W.  Johnson,  F.G.S.,  said,  whilst  inclining  to  the  belief 
that  the  dene-holes  were  dug  primarily  to  obtain  chalk,  he  felt 
that  there  were  several  strong  points  in  favour  of  the  granary 
theory,  and  that  underground  storage  may  have  been  a  secondary 
purpose.  Frequently,  the  dene-holes  were  grouped  in  woods,  and 
it  must  be  remembered  that  Caesar  described  a  British  fort  as  a 
wood  surrounded  by  a  ditch.  Some  of  these  dene-hole  copses  may 
be  representatives  of  primeval  woodlands.  Moreover,  apart  from 
the  statements  of  Diodorus  Siculus  with  reference  to  subterranean 
storage  of  corn  in  Britain,  we  had  the  fact  that  such  a  method 
of  preserving  corn  had  been  common  at  various  times  in  many 
widely-separated  countries.  In  addition,  analogous  structures, 
though  much  smaller,  had  been  discovered  in  the  Isle  of 
Portland  and  elsewhere. 

Nevertheless,  other  considerations  must  be  faced.  There  is 
the  direct  assertion  of  Pliny  that  the  Britons  of  his  day  marled 
their  land  with  chalk.  Pliny's  description  of  the  "  wells  "  from 
which  chalk  was  dug  corresponded  more  closely  with  the  known 
features  of  dene-holes  than  the  granary  advocates  will  admit. 
That  chalk  was  an  article  of  exporr,  apparently  in  the  "  Romano- 
British"  period,  was  proved  by  the  discovery,  in  1646,  of  votive 
altars  to  Nehallenia,  set  up  on  the  coast  of  Zealand,  in  the 
Netherlands,  by  one  Silvanus,  a  British  chalk  merchant. 

Indeed  the  whole  history  of  the  use  of  chalk  us  a  dressing  for 
fields,  besides  being  most  interesting,  tended  strongly  to  prove 
that  the  dene-holes  were  a  special  kind  of  chalk  pit,  though  they 
might  have  been  subsequently  put  to  other  uses. 

Mr.  A.  L.  Leach  considered  dene-holes  to  be  chalk  pits  pure 
and  simple.  The  arrangement  of  chambers  round  the  base  of 
the  shaft  yielded  the  maximum  quantity  of  chalk  with  the 
minimum  amount  of  risk  and  labour.  The  thickness  of  the 
overlying  Tertiary  strata  had  been  brought  forward  as  an  argument 
against  the  "chalk  pit"  theory.  He  however  thought  it  told 
against  the  **  granary  "  theory  to  a  greater  extent  than  for  it  If 
underground  chambers  were  needed  for  storage  of  grain,  galleries 
or  chambers  sunk  directly  into  the  chalk  where  it  was  not  over- 
lain by  Tertiary  strata  would  have  afforded  as  much  concealment 
and  would  have  been  much  more  easily  excavated  than  these 
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f  dene-holes,  which  are  frequently  sunk  through  40  ft.  to  60  ft.  of 
'sands  and  loams.  The  oft-quoted  reference  ot  Pliny  undoubtedly 
supported  the  theory  that  dene-holes  were  simply  chalk  pits  (for 
agricultural  purposes),  and  the  "granaries"  or  ** grain  pits" 
mentioned  by  Diodorus  Siculus  were  the  skalkm  pits  which  have 
been  found  not  only  in  chalk  but  in  Oolitic  limestones  and  olfaer 
rocks.  Dene-holes  always  appeared  to  be  sunk  tfaioq|^^  diose 
soils  which  would  be  greatly  benefited  by  the  appliration  of 
chalk  as  a  manure. 

Mr.  Youens  said  he  was  not  particularly  conoenMd  wid&  die 
consideration  of  what  was  done  with  the  dtfdk  cxo^alied  fnom 
these  pits.  What  he  wanted  to  get  at  was  the  period  at  wfaidi 
they  were  dug.  He  admitted  there  was  litde  actual  evidence  to 
go  upon,  but  he  felt  convinced  they  were  deddedlr  pce-Roman. 

Mr.  £.  T.  Newton,  F.ILS.,  F.G.S^  aud  that  the  evidence  to 
be  derived  from  the  mammalian  bones  whidi  had  been  found 
was  not  in  favour  of  the  dene-holes  being  of  any  great  age.  It 
was  remarkable  that  only  remains  of  quite  modem,  pieaent-day 
animals  had  been  found,  including  dog,  horse^  ox^  sheq^  pift  CM* 
rabbit,  rat,  etc. 

The  discussion  continued  until  the  party  took  train  for 
London,  thus  ending  a  much  appreciated  ezcnrsicmi  noCwidi* 
standing  the  early  time  of  the  year  at  which  it  was  taken. 


VISIT  TO  THE  CANADIAN    MINERAL  GALLERY, 
IMPERIAL  INSTITUTE,  SOUTH  KENSINGTON. 

Saturday,  March  7th,  1908. 

Director:  J.  W.  Evans,  D.Sc,  LLB.,  RG.S. 

(JRtport  iy  THE  DIRECTOR.) 

On  entering  the  Gallery  Dr.  Evans  directed  the  attention  of  the 
members  of  the  Association  (of  whom  forty-five  had  assembled) 
to  the  Canadian  fuels.  Coal  of  Carboniferous  age,  contempor- 
aneous with  that  of  our  coalfields,  is  found  in  Nova  Scotia  and 
New  Brunswick,  though  the  output  in  this  latter  province  is 
comparatively  small.  Coal  is  not  found  in  Quebec  and  Ontario^ 
but  farther  west  it  is  met  with  of  Cretaceous  age.  Where  it  lies 
undisturbed  in  the  central  plains  it  has  the  dmractars  of  lignite^ 
but  in  the  neighbourhood  of  the  Rocky  Mountains  the  strata 
are  affected  by  earth-movements  and  the  dislocations  have  allowed 
the  volatile  constituents  to  escape,  so  that  it  passes  into  bituminoiis 
coal  or  even  anthracite.  Among  other  localities  may  be  men- 
tioned Canmore,  near  Banff,  in  Alberta,  the  Crow's  Nest  Pus 
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5  Rockies  of  British  Columbia,  and  Nanaimo  in  Vancouver 
L  Tertiary  coal  occurs  in  British  Columbia  and  the  Yukon, 
eat  is  found  in  many  localities.  Mineral  oils  have  been 
sively  worked  in  Ontario,  and  to  a  less  extent  in  New 
iwick,  where  bituminous  deposits  are  also  met  with. 
tiere  is  a  large  exhibit  of  graphite,  which  occurs  in  Quebec, 
io,  New  Brunswick,  and  Nova  Scotia.  As  in  Ceylon, 
ia,  and  other  localities  it  appears  to  be  a  deposit  formed  in 
nine  rocks  by  pneumatolytic  action.  In  Charlotte  County, 
Brunswick,  however,  graphite  occurs  which  appears  to  have 
sd  from  the  metamorphism  of  coal-seams  as  in  Styria. 
1  the  same  large  wall  case   are   some   fine   specimens   of 

another     product     of    the    ancient    crystalline    rocks. 

ovite    (potash   mica)    is  found   in    "books"  (crystals)  of 

plates  in  coarse  pegmatoid  veins   in  the    gneiss  of  the 

[ice  of  Quebec,  but  is  not  systematically  mined  on  account 

irregular  occurrence.      Of  more  importance  commercially 

rer-amber  mica  or  phlogopite  (magnesia   mica),   which  is 

in  pyroxene  dykes  with  calcite  and  apatite  in  Ottawa 
ty,  Quebec,  and  to  the  south-west  of  Ottawa  in  the 
ice  of  Ontario.  Though  silvery  in  appearance  it  is  nearly 
le,  the  result  of  innumerable  small  interlamellar  bubbles, 
mainly  used  for  electrical  purposes,  either  in  its  natural 
or  in  the  form  of  micanite,  which  consists  of  thin  films 
ited  together. 

tiother  wall  case  is  devoted  to  Canadian  "asbestos,"  the 
>lite  of  mineralogists,  and  the  amiantos  or  Karystian  stone 
t  Greeks.  Here  as  elsewhere  it  occurs  in  serpentine  rock, 
icient  Karystian  marble.  It  was  contrasted  with  the  "  blue 
:os "  or  krokydolite  of  Griqualand  West  in  Cape  Colony, 
was  also  shown.  The  asbestos  of  mineralogists  is  worked 
ne  extent  in  Hastings  County,  Ontario,  under  the  name  of 
>lite,  while  in  the  United  States  there  is  another  asbestos 

is  a  variety  of  anthophyllite.  There  are,  therefore,  four 
ct  fibrous  minerals  employed  in  the  arts,  but  chrysolite  is 
the  most  valuable. 

le  nickel  ore  of  Sudbury,  near  Lake  Superior,  occupies 
er  wall  case.  It  is  a  nickeliferous  pyrrhotite,  closely  associ- 
»rith  a  noriie  (hypersthene  gabbro)  which  forms  the  lower 
n  of  a  thick  sheet  of  igneous  rock  (now  lying  in  a  synclinal 
f  of  which  the  upper  part  is  distinctly  acidic.  The  associ- 
of  nickel  with  ferrous  sulphide  and  orthorhombic  pyroxene 
imon  both  in  the  earth's  crust  and  in  meteorites. 
)me  fine  specimens  of  the  cobalt  nickel  silver  ores  that 
in  dykes  in  Huron ian  rocks  near  Lake  Temiskaming  were 
een. 

le  whole  of  another  wall  case  is  occupied  by  specimens  of 
r-corundum  rock  and  grindstones,  etc.,  manufactured  from 
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the  latter  mineral.      As  in  other  parts  of  the  world  the  rod  is 
marginal  fades  of  nepheline  syenite.  ^ 

Limit  of  space  forbids  more  than  the  simple  enumeration  ^^^ 
other    Canadian   mineral  products :     gold    from  Nova  Scod^-*  "» 
Ontario,  the  Klondyke,  and  British  Columbia ;  lead  and  silv^s^^ 
from    Ontario    and    British    Columbia;    copper    from   Britieg""^ 
Columbia  and  Nova  Scotia;  iron  and  manganese  from  N( 
Scotia,    Quebec  and  other   localities;    gypsum;    zinc  blendi 
apatite  ;  and  potash  felspar,  the  last-mentioned  occurring  in  L 
crystals  and  being  employed  in  the  manufacture  of  porcelain. 

For  further  details  reference  may  be  made  to  the  Bulletin 
the  Imperial  Institute,  vol.  i,  pp.  98,  183 ;  vol.  ii,  pp.  115,  n 
291 ;  vol.  iii,  p.  281 ;  vol.  iv,  pp.  55,  261,  371 ;  vol.  v,  pp.  & 
282,  293,  and  various  publications  on  the  Mineral  Resources 
Canada  by  the  Geological  Survey  of  the  Dominion,  and  t 
Mines  Branch  of  the  Department  of  the  Interior,  Ottawa. 

The  proceedings  terminated  with  a  hearty  vote  of  thanks  to 

the  Director  proposed  by  the  President.     Dr.  Evans,  in  replyi«c: — 3g, 
said  there    were  other  colonial   exhibits  of  geological   inten 
which    he    invited   the    Association    to   visit   on    some  futi 
occasion. 


VISIT     TO     THE     WESTERN     GALLERY     OF    T^^E 
VICTORIA   AND   ALBERT   MUSEUM,    AND  G^El^O- 
LOGICAL    DIVISION   OF  THE   ROYAL  COLLEC^^ 
OF  SCIENCE,  SOUTH  KENSINGTON. 

Saturday,  March  14TH,  1908. 

Directors:  The  President,  C.  G.  Cullis,  D.Sc,  F.G.S., 
and  R.  F.  Gvvinnell,  F.G.S. 

(^Report  hy  R.  F.  GwiNNELL.) 

A  LARGE  party,  numbering  about  seventy,  assembled  at  2.30  at 
the  entrance  to  the  Western  Gallery,  and  were  met  by  the 
President.     Proceeding  through  the  gallery,  which  is  devoted  to  |^,^ 

scientific  apparatus,  the  more  important  exhibits  were  examined, 
Prof.  Watts  giving  short  explanations  of  each. 

Among  those  of  chief  interest  to  geologists  may  be  mentioned 
the  models  illustrating  Prof.  Duparc*s  views  as  to  the  tectonic 
structure  of  the  Alps,  and  Sopwith's  models  showing  the  relation 
of  outcrop  of  strata  to  underground  structure.  Among  the 
contoured  relief  models  special  attention  was  directed  to  Pr^i. 
Heim's  wonderfully  realistic  representations  of  glaciated  mountain 
scenery,  to  the  large  model  of  the  Isle  of  Purbeck  prepared  by 
the   Geological  Survey y  and  .  to  French  exhibits  illustrating  the 
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::._::.::  :>::::  :    :.     f  :..l-c  iiioJcis.     Jordan  s  relief  map  of 

:;..  };:::>.  Is.^s  .\nd  surrounding  seas  shows  in  a  striking  manner 
ihc  coniinenial  origin  of  our  country. 

A  fine  collection  of  maps  illustrating  the  work  of  the  official 
geological  surveys  of  most  foreign  countries  had  been  arranged 
by  Prof.  Judd.  Near  them  were  seen  such  historic  maps  and 
documents  as  William  Smith's  Geological  Map  of  the  Environs 
of  Bath  (1799),  and  his  Table  of  Stratified  Deposits,  the  eaiiiest 
expression  of  the  regular  order  of  superposition  of  strata.  His 
great  map  of  England  and  Wales,  published  in  181 5,  is  so  hong 
as  to  be  readily  compared  with  the  modem  Index  map  of  the 
GtohgUal  Surety^  and  one  cannot  but  be  struck  by  the  marvel- 
lous  accuracy  and  detail  of  the  pioneer  work. 

Leaving  the  public  galler>',  the  party  entered  the  private 
teaching  museum  of  the  college,  where  Prof.  Watts  briefly 
explained  its  general  plan,  and  pointed  out  that  its  arrangement 
was  entirely  due  to  Prof.  Judd,  he  himself  having  altered  it  in  no 
respect 

A  brilliant  demonstration  was  next  given  in  the  lecture  theatre 
by  Dr.  Cullis  on  the  use  of  the  projecting  lanteni-microscope  in 
the  teaching  of  micro-petrolog>'.  The  optical  properties  employed 
in  the  identification  of  minerals  in  thin  sections  were  illustrated 
by  a  fine  series  of  sections  such  as  are  used  with  the  ordinary 
microscope.  Meanwhile  those  who  were  unable  to  attend  this 
demonstration  owing  to  lack  of  accommodation,  were  examining^ 
under  Mr.  GwinnelT's  charge,  the  apparatus  employed  in  slicing 
and  grinding  thin  sections  of  rocks  for  microscopic  examination, 
and  also  other  allied  machines. 

After  both  groups  had  attended  each  demonstration  tea  was 
provided  by  the  President  The  visit  terminated  with  a  very 
hearty  vote  of  thanks  to  Prof.  Watts  and  the  other  Directors  ;  it 
was  proposed  by  Messrs.  George  Potter  and  Upfield  Green,  and 
responded  to  by  Prof.  Watts  and  Dr.  Cullis. 


VISIT  TO  THE  BOROUGH  OF  STEPNEY  MUSEUM, 
WHITECHAPEL,  AND  THE  NATURE  STUDY 
MUSEUM,  CABLE  STREET,  E. 

Saturday,  March  2ist,  1908. 

(Report  hy  T.  W.  Reader,  F.G.S.) 

A  PARTY  of  twenty-threeassembled  at  the  Stepney  Museumat  2  p.m. 
In  the  unavoidable  absenceof  the  Curator,  Miss  Hall,  the  party  were 
conducted  by  the  Museum  assistant,  Mr.  P.  Horn,  who  described 
the  Zoological  and  Antiquarian  Section,  Mr.  H.  Whitehead,  the 


466  VISIT  TO  THE  STEPNEY  MUSEU3i,  WHITECHAPEI. 

late  assistant,  dealing  with  the  Geological  and  Mineialogical 
Section.  It  was  explained  that  the  museum  owes  its  origin  to  the 
munificent  gift  by  the  Rev.  Mr.  Greatorex,  the  Vicar  of  AVhite- 
chapel,  of  his  collection  of  Antiquities,  as  well  as  of  Geological 
and  Natural  History  specimens,  to  the  Stepney  Borough  Council, 
who  enthusiastically  accepted  the  gift,  and  provided  the  necessary 
room  in  the  library  buildings  at  77,  High  Street,  WliitediapeL 
The  arrangement  of  the  museum  is  on  the  plan  of  evolution, 
commencing  in  the  wall-cases  with  the  Invertebrates,  many  fine 
specimens  of  Coral,  Echinoderms,  MoUusca,  and  Crustacea  being 
pointed  out.  Then  follows  an  interesting  educational  series  c^ 
specimens  of  Fish,  Reptiles,  Birds,  and  Mammals,  concluding  with 
Man,  his  weapons  and  tools.  In  the  table-cases  are  arranged 
special  collections,  British  MoUusca,  &c.  Ores  and  Minoals 
and  an  interesting  series  of  Fossils  being  the  united  collections 
presented  by  the  Geologists'  Association,  the  Rev.  Mr.  Greatorei^ 
Dr.  Gregor)'  and  the  Toynbee  Scientific  Society.  A  fine  series  of 
antiquarian  remains  relating  to  Norton  Folgate,  presented  by  the 
Trustees  of  the  Liberty,  were  next  examined  with  much  interest. 

In  cabinets  under  the  table^rases  are  stored  a  large  series  of 
specimens  which  are  available  to  students.  For  the  furtherance 
of  nature  study  special  exhibits  of  flowers  and  botanical  specimens 
are  arranged. 

At  3.30  p.m.  the  party  left  the  museum,  and  made  their  way 
to  Cable  Street,  St.  Cieorge's,  where,  owing  to  the  exertions  of 
Miss  Hall,  a  suitable  building  has  been  transformed  into  a 
Nature  Study  Museum.  An  arrangement  is  made  whereby 
parties  of  children  can  be  brought  and  lessons  given  on  the 
exhibits,  which  are  mostly  examples  of  the  lower  forms  of  animal- 
life. 

Being  rather  early  in  the  season  there  were  not  many  flowers 
in  the  garden  round  the  museum,  but  it  was  remarked  that 
they  were  able  to  raise  some  plants  on  the  alluvial  sandy  soil 
which  cannot  exist  at  other  parts  further  from  the  river. 

The  party  then  proceeded  to  Toynbee  Hall,  where  they  were 
received  by  the  warden,  Mr.  Harvey,  who  had  prepared  in  the     : 
"  drawing-room  "  a  tea  that  was  most  welcome  after  the  after-  — 
noon  spent  in  the  busy  district  of  the  docks. 

The  Warden  then  conducted  the  party  over  the  Settlement-  j 
After  inspecting  the  dining  hall,  art  school,  librar>'  and  other's 
rooms,  a  hearty  vote  of  thanks  was  proposed  by  Mr.  Newtora^^ 
and  accorded  by  the  members  to  Mr.  Harvey  for  giving  ujf-.^ 
his  afternoon  to  them. 


VISIT    TO    THE    MUSEUM    OF    PRACTICAL 
GEOLOGY,    JERMYN    STREET. 

Saturday,  March  28th,  1908. 

Director:  J  Allen   Howe,  B.Sc,  F.G.S.,   assisted  by  Dr.   J. 

J.   H.    Teall,  F.R.S.,  etc.,  W.    A.  E.  Ussher,  F.G.S.,  H.  A. 

Allen,  F.G.S.,  T.  C.  Cantrill,  B.Sc,  F.G.S.,  E.  E.  L.  Dixon, 

B.Sc,  F.G.S.,  D.  A.  MacAlister,  A.R.S.M.,  F.G.S.,  and 

T.  C.  Hall. 

The  party,  numbering  about  50,  assembled  in  the  lower  Hall 
at  2.30;  here  Mr.  Howe  explained  the  general  arrangement  of 
the  exhibits  in  the  new  extension  of  the  Museum,  and  said  that 
the  most  recent  development  in  the  Museum  had  been  the 
introduction  of  temporary  exhibits  to  illustrate  new  Memoirs,  by 
means  of  specimens,  maps,  and  photographs,  which  were  arranged 
with  the  co-operation  of  the  field  staff.  Arrangements  had  been 
made  with  the  field  officers  that  they  might  be  present  to 
demonstrate  to  the  Association  the  cases  with  which  they  were 
respectively  concerned. 

Dr.  Teall  then  opened  the  demonstration  by  giving  a  brief 
explanation  of  the  structure  of  the  highly  complicated  area 
portrayed  in  the  large  model  of  the  Assynt  district  of  the  N.-W. 
Highlands.  This  model  is  illustrated  by  a  series  of  photographic 
enlargements  and  by  specimens  of  the  typical  rocks,  both  of 
vhich  are  placed  conveniently  for  reference  to  the  model. 
Professor  Watts,  the  President,  proposed  a  vote  of  thanks  to 
Dr.  Teall  at  the  close  of  his  demonstration. 

Mr.  Cantrill  then  directed  attention  to  the  Ammanford  Map 
and  Section,  pointed  out  that  the  district  lies  on  the  north-western 
margin  of  the  South  Wales  coal-field,  and  is  one  of  the  richest 
of  the  anthracite  mining-grounds.  The  oldest  and  most  highly- 
disturbed  rocks,  the  Cambrian  and  Ordovician,  lie  on  the  north- 
western margin  of  the  area,  while  the  newest  and  least  inclined 
are  to  be  found  on  the  southern.  The  high  dip  prevailing  among 
the  older  beds  enables  a  visitor  to  Llandilo  to  walk  from  Upper 
Arenig  Rocks  across  Llandilo  Flags,  Wenlock  and  Ludlow,  Old 
Red  Sandstone,  Carboniferous  Limestone,  and  Millstone  Grit  to  the 
Lower  Coal  Series,  in  a  distance  of  only  three  miles.  Several 
lines  of  unconformity  and  disturbance  were  indicated  on  the 
map ;  the  greatest  being  that  between  the  Ordovician  and 
Silurian,  an  unconformity  accompanied  by  faulting,  in 
consequence  of  which  the  Bala  and  Lower  Llandovery  rocks  of  the 
north  bank  of  the  Towy  are  missing  on  the  south.  Another 
great  disturbance  runs  along  the  Old  Red  Sandstone  outcrop,  with 
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the  result  that  a  string  of  Carboniferous  Limestone  outliers  has 
been  thrown  down  along  the  valleys  of  the  Cennen  and  the 
Gwendraeth-fdch. 

The  glacial  phenomena — striae,  transported  boulders,  and 
sheets  of  boulder-clay — show  that  the  whole  district  was  buried 
under  ice,  streaming  from  central  Wales,  which  pressed  southward 
through  every  gap  in  the  main  escarpments. 

Specimens  of  the  various  rocks  and  their  fossil-contents 
were  displayed  in  the  cases,  together  with  some  photographs 
which  would  convey  a  notion  of  some  of  the  characteristic 
scenery  of  the  district. 

Mr.  Dixon,  after  mentioning  the  sequence  of  formations 
exposed  in  the  Swansea  and  Gower  districts  (i  in.  to  the  mile, 
sheets  246  and  247),  described  some  of  the  points  of  interest 
illustrated  by  specimens  exhibited  in  the  cases.  The  oldest 
rocks  are  the  Ludlow  Beds  of  Cefn-y-Bryn,  which  were  first 
detected  by  Mr.  Tiddeman,  and  from  which  some  characteristic 
fossils  have  been  obtained.  They  are  generally  followed  im- 
mediately, and  obviously  unconformably,  by  Upper  Old  Red  Sand- 
stone, consisting  of  sandstones,  termed  Brownstones,  below,  and 
of  conglomerates  above,  both  made  up  largely  of  quartz  and 
red  jasper  detritus,  fine  or  coarse.  The  red  jasper  fragments, 
though  now  presenting  a  comparatively  uniform  appearance, 
have  really  been  derived  from  a  variety  of  rocks  which  have 
been  reduced  to  their  present  state  by  complete  silidfication 
and  reddening  with  hematite.  As  similar  processes  are  known 
to  be  taking  place  to-day  under  desert-conditions  it  is  suggested 
that  the  conversion  to  red  jasper  was  effected  by  the  similar 
conditions  which  prevailed  in  Old  Red  times. 

The  Carboniferous  Limestone  Series,  though  strikingly  similar 
on  the  whole  to  that  of  the  Bristol  district  visited  by  the 
Association  the  previous  year,  presents  some  points  of  difference. 
The  limestone  underwent  considerable  dolomitisation,  first 
while  still  within  reach  of  Carboniferous  sea-water,  which  gave 
rise  to  "contemporaneous"  dolomites,  and  afterwards  in 
Triassic  times,  when  underground  magnesian  waters  effected  a 
considerable  amount  of  "  vein-dolomitisation,"  especially  in  the 
walls  of  fissures.  The  different  effects  of  these  two  types  of 
alteration  on  various  limestones  were  briefly  mentioned. 

The  Millstone  Grit  Series  is  of  interest  in  consisting 
chiefly  of  shales,  and  in  including  at  the  base  a  group  of 
radiolarian  cherts.  Of  the  Coal  Measures  some  of  the  most 
important  problems  will  be  dealt  with  by  Dr.  Strahan  in  a 
forthcoming  memoir,  but  some  characteristic  fossils,  both  plant 
and  animal,  were  exhibited  and  a  conglomerate  from  the 
Pennant  Series,  with  fragments  of  mica-schist  and  coal,  was 
referred  to  as  coming  from  the  quarry  where  Logan  first 
noticed  coal-pebbles  in  a  Coal  Measure  sandstone. 
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After  the  great  post-Carboniferous  earth-movements  Triassic 
rocks  were  deposited,  probably  over  most  of  the  district,  though 
their  former  presence  is  generally  evidenced  now  merely  by 
the  reddening  of  many  of  the  Carboniferous  rocks,  such  as  the 
Millstone  Grit  shales,  which  have  been  ground  for  red  paint  at 
Port  Eynon.  Finally,  light  is  thrown  on  the  last  stages  of  the 
geological  history  of  the  district  by  the  raised  beach,  the 
bone-caves,  the  glacial  deposits,  and  the  submerged  forest,  tlic 
first  having  been  shown  by  Mr,  'J'iddeman  to  have  been 
formed  before  the  glacial  period,  and  the  last  indicating  a 
considerable  submergence  in  comparatively  recent  times. 

In  addition  to  the  specimens  a  number  of  photographs 
illustrating  the  scenery  and  geology  of  the  districts  were  on 
view. 

Mr.  W.  A.  E.  Ussher  then  gave  a  short  exposition  of  the 
case  containing  the  exhibits  of  the  **  Plymouth  and  Liskcard  '* 
Memoir,  Sheet  No.  348.  To  this  district  Mr.  Ussher  recently 
conducted  a  party  of  the  Association.     (See  ante,  p.  78). 

Mr.  MacAlister  delivered  a  few  remarks  on  the  CJeology  of 
the  principal  mining  region  of  the  West  of  ICngland.  This  is  the 
district  comprised  in  the  recently  published  i-inch  map  352, 
which  includes  the  towns  of  Truro,  Falmouth,  Camborne  and 
Redruth.  The  rocks  of  the  region  include  greenstone,  granite, 
elvan,  mica  trap  and  palaeozoic  sediments  in  which  the  igneous 
rocks  were  intruded. 

Mr.  Hill  is  responsible  for  the  elucidation  of  tfie  geology,  and 
the  new  map  shows  extensive  modification  from  that  of  the 
original  survey  by  I)e  la  Beche  in  1839. 

In  the  old  map  most  of  the  area  was  indicated  as  Devonian, 
only  a  small  portion  east  of  CJerran's  Hay  lx;ing  coloured  \A)vnir 
Silurian,  which  corresponded  to  and  is  now  known  as  Ordovician. 
To  these  beds  Mr.  Hill  has  given  the  name  Veryan.  According 
to  the  new  map  the  Devonian  rocks  do  not  come  s<iuth  of  an 
east  and  west  line  drawn  between  I'orth  Towan  and  Probus. 
The  rest  of  the  region,  formerly  coloured  Devonian,  is  now 
believed  to  be  not  only  older  than  the  Devonian,  but  rcfiresents 
a  descending  sequence,  of  which  the  Veryan  Croup  is  the  upfx;r 
member,  while  the  Portscatho,  Falmouth  and  My  lor  groufis 
succeed  it  in  the  order  named.  To  complete  the  stratigraphic;al 
history  it  should  be  mentioned  that  in  the  adjoining  district  {/> 
the  east  (Forth  I^ney;,  descriljed  by  Mr.  Clement  Kcid,  Upjjcr 
Silurian  fossils  have  been  found  whi'.h  Messrs.  Upfield  (tuuiu 
and  Da  vies  Sherborne  have  proved  l^eyond  doubt  U)  \j*:  of  Wcn- 
lock  age. 

The  Devonian  rock.>  are  resting  un'',onformably  on  th*;  J>iwer 
Pabeozoics,    and    thdr    occurrence    as    conglomeratiirs    in    th*; 
Meneage  peninsula  show^  that  th*:  Devonian  strata  were  formerly 
more  widely  represented  in  South  ComiralL 
Pkoc  Geou  .\s50C-  Vol.  XX,  PAki  6,  lyrf.^  33 
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I'.fluir  lIk-  iiiiiii>ii)n  (>[  ihu  L;ranitcs,  ulvans,  and  mica  tra|», 
the  region  was  disturbed  by  prc-Dcvonian  and  posrt-Carboni- 
fcrous  crustal  movements  resulting  in  overfolding  and  shearing  of 
the  sedimentary  rocks  with  development  of  slates,  crush-breccias, 
and  other  dynamically  formed  rock  types.  The  greenstones, 
all  of  which  were  intruded  before  the  Carboniferous  movements 
commenced,  have  likewise  been  affected  by  the  general  disturb- 
ances. They  were  originally  dolerites,  gabbros,  and  basalts,  and 
are  now  epidiorites  or  metamorphosed  rocks  in  which  garnet, 
epidote,  and  other  minerals  are  developed. 

The  granite  is  the  most  important  igneous  rock  in  the  re^on. 
According  to  Mr.  Teall  it  was  intruded  at  the  close  of,  and  as  a 
relief  to,  the  {)ost-Carboniferous  movements  to  which  the 
deformation  of  the  sedimentary  rocks  is  mainly  due.  The  tin 
and  copper  ores  of  the  rtrgion,  which  for  centuries  have  been  of 
such  imi>ortance  in  the  west  country,  were  derived  directly  from  ^ 

the  granite  magma  in  the  final  phases  of  its  consolidation.     The  - 

metals  were  extracted  from  the  magma  by  means  of  fluorides,  ^ 

borides,  and  steam,  and  deposited  largely  under  pneumatolytic  ^3 

conditions  in  fissures  in  the  granite  and  in  the  contact  altered  ^ 

rocks    (andalusite  and   biotite   schists  and   hornfelses)  of  the  ^, 

nietamorphic  zone  surrounding  it.     The  lodes  constitute  a  mixed  ^fcc 

type  which  may  be  described  as  cassiterite  veins  characterised  by         -^4^ 
the  presence  of  large  amounts  of  copper  ores  and  other  sulphides.        ^^s. 

The  presence  of  tourmaline  and  wolfram  suggests  an  affinity      '^^^y 
with   the   sub-group    of    which    similar    veins    in    Tirpersdorf,      »"^"f, 
Bohemia,  are  typical,  so  that  on  the  whole  the  lodes  of  the  region     m-^  .n 
present  a  variety  of  features  of  interest  from  the  point  of  view  of  ^  ^nDf 
the  genesis  of  the  minerals. 

In  demonstrating  the  exhibit  arranged  to  illustrate  the  Cleolog)'  '^^^':^' 
of  the  Land's    End  district  (maps  351  and  358),  described  bv->^- «Dy 
Mr.   Clement   Reid    and    Dr.   J.    S.    Flett,*    Mr.    T.    C.    HairX^Il 
pointed  out  that  the  area  was  of  special   interest  owing  to  thc-»  .^-le 
facilities  it  offered  for  the  study  of  contact-metamorphism,  anc::*  M^d 
that  the  west  of  Cornwall  has  long  been  known  as  a  typical  regioi-x-  <cz)n 
for  phenomena  of  that  kind.     The  killas,  which  mainly  belong^^^g  gs 
to  Mr.  Hill's  Mylor  division  of  the  Lower  Palaeozoics,  has  beer  -=_.:^cn 
altered  by  the  intrusions  of  both  granite  and  greenstone,  but,  acs      as 
pointed  out  in  the  Memoir,  the  alterations  produced  in  each  caff=»=  -MEise 
are  of  an  entirely  different  kind,  and  they  can  be  easily  di-*"  -lEdis- 
tinguished.      'J'he   granite  aureole   is   principally  occupied    L^"       by 
spotted  slates  which  pass,  in  the  inner  zones  of  the  aureole,  in"  .«-~:«nto 
hard  splintery  black  or  dark-brown  hornfelses  in  which  all  Itslc—^-Cvs 
of  spotting  are  often  nearly  or  completely  effaced  by  the  extensi  -M^  «ve 
recrystallisation  which  the  rocks  have  experienced.     The  speabJT  .ker 
here  called  particular  attention  to  a  specimen  of  cordierite-hc  ^^om- 

•  Memoirs  of  the  Geological  Survey.    "  The  Geology  of  the  Land's  End  DIatricf,*"       "by 
Clement  Reid.  F.K.S  ,  and  J.  b  Flett,  M.A.,  D.Sc.    (1907.} 
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blende-hornfels  from  near  Kenidjack  Castle,  St.  Just,  as  no  finer 
cordierite  rocks  than  those  from  this  locality  are  known  in  Britain. 
Attention  was  also  drawn  to  a  specimen  of  granite  enclosing  a 
fragment  of  slate,  as  these  enclosures  exhibit  the  extreme  phase 
of  alteration  of  the  killas,  and  contain  such  minerals  as  cordierite, 
andalusite,  sillimanite,  spinel,  corundum,  tourmaline,  etc  The 
alteration  of  the  killas  by  the  greenstone  was  illustrated  by 
specimens  of  adinole  and  spilosite. 

The  greenstone,  a  name  given  to  the  much  strained  and 
altered  basic  igneous  rocks  quite  unlike  any  of  the  later  intrusions 
which  cut  them,  have  themselves  been  altered  by  the  granite,  and, 
where  they  occur  in  immediate  contact  with  that  rock,  are  con- 
verted into  splintery  diabase-hornfelses,  specimens  of  which  were 
exhibited.  Other  sf)ecimens  showed  that  the  greenstone  also 
sometimes  exhibits  spotting  similar  to  that  so  well  seen  in  the 
contact-altered  sediments.  A  specimen  of  garnetiferous  green- 
stone illustrated  the  pneumatolytic  modifications  produced  by 
the  granite. 

In  referring  to  the  granite  it  was  stated  that  a  characteristic 
feature  of  the  land's  End  mass  is  the  coarsely  porphyritic 
character  of  the  rock  due  to  the  presence  of  crystals  of  felspar  up 
to  several  inches  in  length,  as  seen  in  one  of  the  specimens 
shown,  and  mention  was  made  of  the  interesting  fact,  brought 
out  during  the  survey  of  the  area  by  Mr.  Clement  Reid,  that  the 
mass  is  not  all  of  one  age  or  type,  but  includes  an  area  of  about 
seven  square  miles  of  a  fine-grained  granite  of  somewhat  later 
date.  An  exhibited  specimen  of  this  finer  granite  claimed  atten- 
tion for  a  large  crystal  of  pinite  which  it  contained.  This  mineral 
is  widely  disseminated  through  the  land's  End  granites  and 
elvans,  and  represents  an  alteration  product  after  cordierite. 

The  coarse  pegmatite  which  is  distributed  as  veins  and 
patches  in  the  granite,  towards  its  margin  or  irregularly  dispersed 
through  its  outcrop,  was  illustrated  by  two  specimens,  one  of 
which  showed  the  large  amount  of  schorl  frequently  present  in 
these  rocks.  The  pneumatolytic  modifications  of  the  granite, 
produced  by  vapours  which  emanated  from  it  at  a  time  following 
its  injection  but  anterior  to  its  complete  cooling,  were  seen  in 
specimens  of  schorl-rock  and  greisen. 

Among  the  exhibited  specimens  of  elvan,  a  name  given  in 
Cornwall  to  the  long  narrow  dykes  of  quartz-porphyry  of  slightly 
later  date  than  the  granite  masses,  was  a  specimen  of  the  well- 
known  coarsely-porphyritic  dyke  of  Prah  Sands  containing  many 
crystals  of  pinite,  and  a  specimen  from  Wheal  Herland  showing 
tourmalinisation  :  a  corresponding  pneumatolytic  change  to  that 
which  takes  place  in  granite  in  the  production  of  schorl-rock. 

The  Tertiary  strata  were  illustrated  by  specimens  of  sub- 
angular  chalk-flint  and  greensand-chert  from  the  gravel  deposit 
which  occurs  near  Marazion,  and  which  is  probably  of  Eocene 
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age,  and  by  a  series  of  fossils  from  the  well  known  Pliocene 
deposit  of  St.  Erth.  In  this  connection  a  specimen  of  the  Wolf 
Rock  phonolite  was  shown  and  mention  made  of  the  fact  that 
the  mass  is  probably  of  Tertiary  date,  for,  unlike  the  Palaeozoic 
igneous  rocks  of  Cornwall,  it  is  neither  altered  nor  sheared.  It 
was  first  described  by  Allport,  and  is  of  considerable  interest  as 
being  the  best  example  of  a  phonolite  known  to  occur  in  Britain. 

The  next  cases  to  be  examined  were  some  recent  additions  to 
the  fossil  collection  which  were  explained  by  Mr.  H.  A.  Allen. 
Attention  was  drawn  to  a  series  of  fossils  from  Speeton  in 
Yorkshire,  collected  zonally  by  Mr.  C.  G.  Danford  ;  examples  are 
exhibited  from  the  Kimeridge  clay  (zone  F)  upwards  to  zone  A 
or  BelemnHes  minimus  beds.  Some  of  the  belemnites  had  been 
split  longitudinally  in  order  to  show  the  difference  in  the  apical 
termination  of  the  alveolar  cavity  between  the  groups 
B.  lateralis  Phill.,  and  B.  brunsvicensis  Stromb.* 

In  the  same  case  is  a  series  of  specimens  to  illustrate  the 
various  zones  of  the  Carboniferous  Limestone  as  di\ided  by  Dr. 
A.  Vaughan,t  viz,^ 

D,  or  zone  of  Dibunophyllum  aff.  iurbinatum, 

S,  or  zone  of  Seminulaficoides, 

C,  or  zone  of  Syringothyris  aff.  lamitwsa. 

Z,  or  zone  of  Zaphrentis  aff.  phillipsi, 

K,  or  zone  of  Cleisiopora  aff.  geometrica, 

M,  or  zone  of  Modiola  lata, 

Mr.  Carruthers  has  shown  J  that  the  zone  fossil  Zaphrentis  2&. 
phiLipsi  does  not  occur  in  these  beds,  consequently  it  will  be  well 
to  refer  to  the  zone  Z  as  the  Z,  or  Zaphrentis-zou^, 

Another  exhibit  comprised  a  selection  of  bones  of  mammalia 
from  a  cave  at  Clevedon,  Somerset,  presented  by  a  member  of 
the  Association,  Dr.  H.  C.  Male,  and  by  Mr.  G.  E.  Male;  some 
interesting  plants  and  Crustacea  from  the  Coal  Measures  of 
1  )erbyshire  presented  by  Dr.  L.  Moysey ;  Pliocene  and 
Pleistocene  Mammalia  including  a  femur  of  an  elephant 
dredged  from  the  Forest  Bed  off  the  Norfolk  coast;  and 
enlargements  of  photographs  of  Sy?ihelia^  Aficraster^  and 
Cypliosoma,  by  a  member  of  the  Association  (Mrs.  Teall). 

This  most  interesting  visit  concluded  with  a  cordial  vote  of 
thanks  to  the  officers  of  the  Geological  Survey  and  Museum, 
moved  by  the  President.  Mr.  Howe  in  responding  hoped  that 
the  members  would  from  time  to  time  come  and  visit  these 
temporary  exhibits. 


•  Dinford,  C.  G.,  Trans.  Hull  Geol,  Soc,  V,  1906,  pp.  1-14. 
\  Vaughan,  A.,  Quart.  Journ.  Geol.  Soc,  Ixi,  1905,  pp.  181-307. 
;  Carruthers,  R.  G.,  Ctol.  Mag.,  vol.  v.,  p.  63,  February,  1908. 
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EXCURSION  TO   LEIGHTON   BUZZARD. 

Saturday,  April  4th,  1908. 

Director:  G.  W.  Lamplugh,  F.R.S.,  F.G.S. 
Excursion  Secretary :  A.  C.  Young. 

Report  ^^  The  DIRECTOR. 

On  reaching  Leighton  Buzzard  about  2  p.m.  the  party, 
reinforced  by  members  of  the  Hertfordshire  Natural  History 
Society,  and  numbering  in  all  about  twenty,  walked  out  to  the 
Shenley  Hill  sandpits,  passing  on  the  way  a  small  brickyard  in 
the  Gault  from  which  both  Lower  and  Upper  Gault  fossils  have 
been  obtained  by  Mr.  A.  J.  Jukes-Browne. 

The  I-.ower  Greensand  which  emerges  from  beneath  the  spur 
of  Gault  and  Boulder  Clay  forming  Shenley  Hill  is  dug  on  the 
south-east  side  of  the  hill  in  a  succession  of  extensive  pits  which 
are  practically  conterminous  with  each  other.  The  principal 
object  of  the  excursion  was  to  examine  the  richly  fossiliferous 
horizon  discovered  in  1902  at  the  top  of  the  Lower  Greensand  in 
these  pits,  and  described  in  the  following  year  by  Messrs.  G. 
W.  Lamplugh  and  (the  late)  J.  F.  Walker.* 

The  fauna  of  this  horizon,  particularly  rich  in  brachiojx)ds, 
diflers  from  that  of  any  deposit  hitherto  found  beneath  the  Gault, 
and  presents  a  facies  usually  associated  with  the  Upper  Greensand 
in  England,  though  with  some  feature  at  present  peculiar  to 
itself.  The  mode  of  occurrence  of  the  fossil-bearing  rock  is 
shown  in  the  accompanying  illustration  (Fig.  34),  reproduced  by 
permission  of  the  Council  of  the  Cieological  Society,  from  the 
above-mentioned  paper. 

The  party  first  examined  the  most  southerly  workings,  known 
as  "Garside*s  Pit"  (see  ground-plan,  Fig.  2,  of  the  paper 
above  referred  to),  but  found  the  most  important  |)ortion  of 
the  section  obscured  by  slips  and  down-wash  of  (iault  clay. 
The  position  of  the  fossil-band  was,  however,  demonstrable  in 
one  part  of  the  section,  and  some  blocks  of  the  fossiliferous 
limestone  were  found  on  the  spoil-bank,  which,  under  the 
hammers  of  the  visitors,  yielded  numerous  exam[)les  of  the 
characteristic  organisms,  including  the  curious  Terebrirostra 
lyra^  var.  Numl)ers  of  fine  specimens  were  also  still  more  easily 
obtained  from  a  bag  produced  by  one  of  the  quarrymen,  who 
mentioned  that  the  late  Mr.  Walker  had  been  a  buyer  of  all  that 
could  be  obtained  at  so  much  per  pound-weight. 

The  Director  stated  that  during  the  working  back  of  this 
pit  in   1 904- 1 906  (subsequent  to  the  publication  of  his  previous 

•  Quart.  Joutn,  Ceol,  Snf„  vol.  liz  (1903^  pp.  234-263. 
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Fig.  34.    SECTION  AT  THE  NORTHERN  END  OF  HARRIS'S  "^^^ 
PIT,  SHENLEY  HILL.— C.  W.  Lamplugk, 


Scale:-!  inch -10 feet. 
Ref^roductd  hy  ptrmisslon  o/tke  Council  of  the  Geological  Society  0/  London. 


A. 


C. 


Brown  clayey  soil  with  small  stones  ...  i  ft. 

Blui<h-grey    Boulder    Clay    composed     of 

rearranged  C>auU    speckled   with  small 

pieces  of  chalk,  Hint,  iron  grit,  and  a 

few  pebbles  of  quart/,  etc.  2  to  6  It. 

merging  downwards  into 

Gault  :  bluish-grey  shaly  clay  in  the  uppfr 
part  and  dark  blue  below;  with  a  few 
pyriious  clay-stone  nodules  just  above 
the  base        4  to  7  ft. 

Irregular  band  of  iron  grit  with  smooth 
worn  wrinkled  surface :  usually  dark 
liver-red,  but  in  places  crimson 

X  to  3  ins. 

Ochreous  or  greenish-yellow  loamy  sand, 
grit  and  breccia  ;  replaced  here  and 
there  by  lenticles  of  pale  flesh-coloured 
or  yellowish  gritty  limestone  full  of 
fossils  I  to  2  ft. 


E.  Undulating  iron  grit  ban  J,  as  a  role^WT 

defined,  but  in  one  place  approachioj 
the  upper  band  and  there  becoaiint 
lenticular  and  confused    ...     Jlosiw- 

F.  Greyish  greensand  moist  and  loamy.*'"' 

clayey  streaks  and  lenticles  of  pcb^T 
grit     2  to  aft- 

G.  Lenticles  of  dark-red  and  ochreom  iron-r»J 

with  included  nodules  of  sandy  pyntoos 
clay-stone  ;  streaks  of  fuller's  earth,  d«« 
clayey  greensand,  and  ochrfous  la»» 
ImiIow  ;  forming  a  well-defined  ba»l  «»?■ 
ping  the  **  silver-sandi  "         i  W  >H''* 

H.  ••  Silver-sands  "  :  clean  white  or  iron- 
stained  sanl,  strongly  crosv-bedded, 
with  sporadic  masses  of  Ironstone 
sometimes  containing  traces  « 
wood         10  to  15  ft- *«"• 
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description)  a  bed  of  gbuconitic  sand  had  set  in  between  the 
Gault  clays  and  the  upper  ironstone  \c>  which  covers  the  lenticles 
of  fossiliferous  limestone,  and  had  increased  westward  to  a  thick- 
ness of  5  ft.  before  the  exca\-ation  ia  this  direction  cx.*ased. 
He  had  also  seen  in  one  pbce  a  sea-worn  crag  of  the  ironstone, 
a  few  feet  across,  on  which  small  oysters  and  serpuU^  were 
adherent,  protruding  upward  for  3  It.  or  4  It.  through  the 
glauconitic  sand  so  that  its  top  was  covered  by  the  Gault 
clay.  He  remarked  that  this  afforded  evidence  that  portions 
of  the  sands  had  been  cemented  into  ironstone  before  the 
deposition  of  the  Gault,  and  also  that  there  had  been 
erosion  of  the  lower  beds  by  currents  before  the  Ciault  clay  was 
laid  down.  He  preferred  to  regard  the  glauconitic  sand  as  the 
true  basement  bed  of  the  Gault,  and  to  class  the  beds  below  it 
with  the  Lower  Greensand.  From  the  glauconitic  sand  he  had 
collected  a  few  terebratulie,  small  oysters,  serpulai,  fish-teeth,  and 
belemnites,  but  had  failed  to  find  any  ammonites  :  nevertheless 
he  suspected  that  this  bed  represented  the  hori/on  of 
Acanthoceras  mammiiUitum^  in  which  case  the  fossiliferous 
limestone  represented  a  somewhat  lower  horizon.  He  suggested 
that  the  difficulties  which  had  arisen  in  the  correlation  were 
mainly  due  to  the  fact  that  we  knew  of  no  other  fossilifcruus 
representative  of  this  stage  in  England. 

The  party  next  examined  the  section  in  Harris's  Pit  where 
the  base  of  the  Gault  was  in  one  place  well  exposed,  with  the 
ironstone  floors  beneath,  but  without  happening  to  show  any  of 
the  limestone  lenticles. 

The  most  northerly  pit  of  the  series,  know  as  "(Chance's," 
was  then  visited.  This  pit  is  no  longer  worked,  but  through  the 
kindness  of  the  proprietor,  Mr.  Joseph  Arnold,  who  now  joined 
the  party,  an  excavation  had  been  made  at  a  spot  where  the 
fossiliferous  rock  was  present,  and  some  chunks  of  it  were  dug 
out  by  the  workmen  in  the  presence  of  the  visitors,  who  were 
thus  enabled  to  satisfy  themselves  as  to  its  position  lK:neath  the 
ironstone  floor.  The  rock  was  rich  in  fossils,  and  yielded,  among 
other  forms,  a  good  specimen  of  the  rare  Terebratella  turcyniai. 

The  weather  up  to  this  time  had  been  fim:,  but  now  the 
storm-clouds  gathered  ;  and  while  the  inernUrrH  were  traverji 
ing  the  excellent  sections  of  current-l>*:dded  white  or  brilliantly 
stained  sands  in  adjacent  pits  worked  by  Mr.  Arnold,  tfiey  were 
driven  hastily  to  shelter  by  fjelting  rnin.  The  fthow/rr  \ii'\U'A 
long  enough  to  prevent  the  projer.tirrl  vir»it  in  the  eveniripj  to  the 
Grovebury  Siding  pits  south  of  I>:ighton,  where  the  jiinrtiof*  /*f 
the  Gault  and  Lrjwjr  Greensand  i^,  ;jg;iiri  rev^^aled,  but  d^>^  not 
present  the  sam*:  ^:atur^rs  as  at  Shenl*:y  Hill, 

Under  the  ^ir^urri/.tanor*  the  \iX(^rj'A\x\^  were  ^^ouyUf  U,  u 
close  by  tea  at  the  "  ^wari '''  H''^o:l,  Jynjrhton,  wh/:re  u  Ufuny  y<At: 
of  thanks  was  2fjjjif\^-A  dSe  \)\ujX/>Xt  \ifft\i^f^'A  ^/y  t^M;  l'f*;^uU'Jtt 
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and  seconded  by  Mr.  H.  Kidner,  on  behalf  of  the  Herts.  Nat 
History  Society. 

The  party  afterwards  returned  by  the   7.2    p.in.   train  to 
London. 
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THE    GEOLOGY    OF    THE     BERWYN     HILLS. 

By   J.    LOMAS,    A.R.CS.,    F.G.S. 

THE  Berwyn  area  is  not  strictly  defined,  but  we  may  take  it  as 
the  country  enclosed  by  the  ridge  of  high  ground  running 
westward  with  the  River  Dee  from  Chirk  to  Corwen,  then  south- 
west through  Llandrillo  to  Lake  Vyrnwy,  and  eastwards  to  the 
hills  extending  from  Llanymynech  to  Llangollen. 

Structurally  it  is  a  dome,  the  middle  of  which  has  been 
denuded,  leaving  a  rim  of  hills  which,  on  the  north,  west,  and 
south-west,  show  an  unbroken  contour  of  over  a  thousand  feet 
above  sea-level.  The  south-east  and  easterly  margins,  though 
lofty  as  a  whole,  have  been  cut  into  deeply  by  the  drainage 
systems  of  the  Ceiriog,  Morda,  and  Tanat  Rivers. 

The  highest  ground  culminates  in  the  north-west  comer  of  the 
area  in  Cader  Berwyn,  2,716  ft.,  and  this  is  well  supported  by 
Moel  Ferna,  Cader  Fronwen,  Mynydd  Tarw,  Post  Gwyn,  and 
other  hills  clustering  round,  all  of  which  are  over  2,000  ft 
high. 

The  drainage  of  the  Berwyns  is  gathered  into  two  main 
streams,  the  Ceiriog  and  the  Tanat.  Both  these  rivers  rise  in 
the  high  ground  on  the  west,  and  traverse  the  district  from 
W.  to  E.  In  its  upper  reaches  the  Ceiriog  runs  against  the  dip 
of  the  strata  and  over  three  bands  of  igneous  rock,  forming  a 
series  of  beautiful  falls. 

About  Llanarmon  Dyffryn  Ceiriog  it  runs  roughly  parallel  to 
the  strike  of  the  slates,  but  soon  after  passing  that  place  it  enters 
a  deep  gorge,  cuts  through  the  igneous  bands  again,  this  time 
with  the  dip,  and  after  passing  Llansantffraid  Glyn  Ceiriog  it 
opens  out  into  a  broad  valley.  Before  reaching  Chirk  it  once 
more  flows  through  a  gorge  where  it  cuts  through  the  Car- 
boniferous Limestone.  Before  reaching  the  Triassic  plain  it 
turns  northwards  and  soon  joins  the  River  Dee. 

It  is  probable  that  the  upper  and  lower  parts  formerly  belonged 
to  two  separate  systems,  the  first  part  above  Llanarmon  D.C. 
being  tributary  to  the  Severn  drainage  until  it  was  captured  by 
the  Dee.  The  beheaded  consequent  now  begins  on  the  south 
side  of  the  pass  near  Pensarn  and  flows  into  the  Cynllaith. 

The  Tanat  does  not  appear  to  have  suffered  any  such 
vicissitudes  but  preserves  its  course  as  a  strike  stream  close  to 
the  lx)undary  hills  on  the  south.  On  its  way  it  gathers  up  the 
waters  of  the  Eiarth,  Rhaiadr,  Irwch  and  Cynllaith,  all  of  which 
join  the  main  stream  on  its  left  bank  and  drain  the  middle  part 
of  the  dome.  It  flows  into  the  Vyrnwy  at  the  south-east  corner 
near  Llanymynech.  For  a  part  of  its  course  the  Tanat  forms  the 
Proc  Geol.  Assoc,  Vol.  XX,  Part  7,  1908.]  34 
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boundary  between  a  detached  part  of  Deo bighs hire  and 
Merionethshire.  These  counties  exchange  plots  on  each  side  of 
the  river,  which  indicate  the  changes  which  the  river  has  under- 
gone since  the  county  boundaries  were  established.  Swampy 
"  oxbows  "  alternating  on  each  side  of  the  stream  tell  the  same 
tale. 

The  Morda  rises  in  the  Carboniferous  heights  on  the  east.  It 
begins  as  a  strike  stream,  follows  the  junction  of  the  Carboniferous 
Limestone  and  overlying  sandstones  through  a  narrow  defile  500  ft. 
deep,  then  turns  eastward  along  the  dip  until  it  reaches  the  Shrop- 
shire plain,  where  it  bends  southward  to  join  the  Vyrnwy  and  the 
Severn  drainage. 


(;eolo(;ical  structure. 

The  geological  structure  of  the  Berwyns  was  first  described  bj  '^ a)y 

Sedgwick  in  1845,*  and  the  generalised  plan  he  gives  of  the  chit^^  ^ef 
lines  of  strike  are  in  the  main  correct.  Jukes,  in  Ramsay-  ~.^^'s 
**  (jeology  of  North  Wales,"  t  gives  fuller  details.  He  describe  >  ^pes 
the  various  formations  which  occur  in  the  area,  but  in  the  ma-»r:=.  ap 
which  accomi)anies  the  Memoir  he  hesitated  to  draw  lines  sejuiat-s:— ai- 
ing  the  various  divisions  of  the  Lower  Silurian  series. 

Since  that  time  very  little  systematic  work  has  been  done  n*  on 
the  pre-( Carboniferous  rocks. 

One  little  jKirtion  about  Glyn  Ceiriog  has  recendy  he*-  ——'en 
mapped  by  Dr.  T.  Groom  and  ^Ir.  P.  Lake.  J  and  we  must  \\\^  ~^\\h 
until  the  other  areas  have  been  similarly  treated  before  we  c  — irrnn 
say  that  the  Henvyns  are  satisfactorily  known. 

The  Carboniferous  rocks  on  the  east  have  received  ma^  ore 
attention,  and  they  have  been  very  fully  described  bv  Messrs.  G. 

H.  Morton,§  D.C.'Davies,!;  the  Rev.J.  VatesT  Dr.Wheelton  Uimr    -nd, 
Mr.  it.  T.  Stobbs,**  and  others. 

With  so  little  that  is  known  and  so  much  to  learn  regard  Jing 
the  older  rocks,  little  can  be  done  beyond  pointing  out  proble-i::^^^nis 
to  be  solved,  and  it  is  better  to  do  this  rather  than  exprr^^ress 
opinions  on  imperfect  data.  If  read  in  this  spirit  the  rem>i^  "^rks 
which  follow  may  at  least  provide  matter  for  observation  c^=-3nd 
discussion. 


•  l^^uart.Jcurn.  Geoi.  ."'tv..  w).  i,  1S45,  p.  u. 

t  Mem.  I-/  Getl.  Suf,-.  o/Gtcit  Jiriuitn,  vol.  iil,  1366. 


t  Al»s.  rrrc.  Gc.  I.  ^■^n^  vf  London,  No.  S6j.  May,  ii>  S.    Only  an  abstract  of  the  yrj_.— "^pff 
has  U  I  n  issmd  up  to  the  nrc-st ni. 

§  "  The  CarbonifcT'ii"!  Limostonft  anil  Or  fnv.Fe<lw  Sandstone  i-»f  the  country  bct_  "'wn 

Lldiniiunich  :in«l  Miiu'ra.  Nurth  Wales,"  D.  ftoyni',  London,  iS-o. 

"  On  thu  Di'-coviry  of  Fossils  in  thf  .Millstone  Grit  ncnr  Oswestry,"  AV;*.  Ojs=— —'''•''' 
and  Welhf'iuil  S\it.  Fie! J  Club,  i}^6o.  p.  41. 

•  *•  i)l»strv.iti.'ns  on  iho  Sirucinri'  of  thi'  Border  Country  of  Salop  and  North  V^^  j/f.« 
and  of  -omr  IVtachrd  (groups  ot  Transition  Kocks  in  the  Midland  Counties,"  Jf  '-'»•'. 
Gtol.  Soc.  Sirirs  ;,  vol.  ii,  p.  237. 

••  'Thp  Carb.nifcrous  iiucci  ssion   bulow  the  Co.il   Measures  In  North  Shrop*  ^  ••''"?. 
I)enbi»:hsbirL-,  and  Fliutshire/'  Geol.  .V.!*;.,  Dec.  v,  vol.  iii.  19^,16. 
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According  to  Jukes*  "  the  Lower  Silurian  rocks  of  the  Berwyn 
Hills  form  an  imperfect  dome,  or  rather  an  irregular  and  broken 
curve,  the  anticlinal  axis  of  which  follows  a  bent  line  about  24  miles 
in  length.  The  eastern  end  of  this  dome  has  been  cut  away  by 
denudation,  and  is  overlapped  by  the  Carboniferous  Limestone  west 
of  Oswestry.  From  the  limestone  the  axis  runs  by  Llangadwaladr, 
Craig-y-Glyn,  and  Llangynnog,  to  the  base  of  the  \Venlock  series, 
a  little  north  of  (}arthbibio."  He  regards  the  Berwyn  anticline 
as  one  of  a  series  which  affect  North  ^Vales,  and  on  p.  215  of  the 
same  Memoir  he  states  :  "  Taken  in  connexion  with  each  other,  the 
three  districts  of  Merionethshire,  the  Berwyns,  and  the  Longmynd 
form  three  great  anticlinal  curves  with  synclinal  bends  between  ; 
but  in  the  middle  boss  of  the  Berwyns  the  upward  bend  has  not 
been  sufficient  to  bring  the  Lingula  Flags  and  the  Cambrian  rocks 
to  a  level  where  they  might  be  exposed  by  the  denudation  of  the 
overlying  Silurian  strata." 

The  hills  forming  the  northern  and  western  margins  of  the 
dome  dip  into  synclines,  which  bring  in  the  upper  beds  of  the 
Bala  series  and  the  Denbigh  grits. 

At  the  south-west  corner  near  Hirnant  a  similar  syncline  is 
seen,  but  the  beds  are  reversed  and  present  an  overfold  towards 
the  interior. 

The  dome  may  be  regarded  as  the  result  of  cross  folding. 
The  first  folding  probably  took  place  in  Devonian  times,  when 
what  is  now  the  axis  of  the  dome  was  ridged  up  into  an  anticline 
running  N.E. — S.W. 

Complementary  to  this  ran  synclines,  one  on  the  north-west, 
parallel  with  the  Bala  fault,  and  the  other  running  on  the  south- 
east through  the  Llanfyllin  area.  The  axis  of  folding  is 
Caledonian  in  direction. 

Then  followed  a  period  when  denudation  reduced  the  anti- 
cline, leaving  the  synclines  standing  as  ridges  of  high  ground.  We 
know  that  the  whole  of  the  Silurian  was  removed  from  the  anti- 
cline before  the  Carboniferous  Limestone  was  laid  down,  for  it 
rests  on  the  Silurian  rocks  in  the  north,  and  overlaps  older 
formations  where  it  crosses  the  axis  of  the  dome  (Fig.  35). 

In  post-Carboniferous  times  folding  again  took  place  along 
a  north  and  south  axis  parallel  to  the  Pennines.  The  anticline 
of  the  Pennines  dips  into  a  syncline  under  the  Cheshire  plain, 
and  then  rises  towards  an  anticline  over  what  is  now  the  centre 
of  the  Berwyn  dome.  At  this  period  the  Carboniferous  rocks 
on  the  east  of  the  Berwyns  were  tilted  and  received  their  easterly 
dip. 

Now  let  us  consider  the  effects  of  a  wave  progressing  from  the 
east  and  meeting  the  rocks  already  folded  in  a  N.E.- S.W.  direction. 
The  synclines  of  the  lierwyns  being  solid  and  resistant  would  act 
^s  horsts,  against  which  the  north  and  south  wave  would   be 

*  Kam»ay's  "  Geology  of  North  Wales/'  Edit  of  iSGC,  p.  212. 
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deflected  as  a  left-handed  tone. 
The  strike  of  the  beds  clearly  shows 
this  movement,  and  the  over-fold  in 
the  south-west  comer  may  have  re- 
sulted from  the  torsional  effects  bci 
up  against  the  southern  syndine. 
Where  the  north  and  south  foW 
infringed  on  the  northern  hoist 
near  Cader  Berwyn  we  find  a  series 
of  virgating  faults  which  have  ihnist 
back  the  various  beds  towards  the 
middle  of  the  dome.  Where  anti- 
cline crossed  anticline  we  should 
expect  an  upward  bulging  of  the 
strata,  and  in  this  region  the  lowest 
beds  have  been  brought  within  the 
range  of  denuding  forces. 

It  is  along  the  anticlinal  axis  of 
Caledonian  folding  that  most  of  the 
igneous  rocks  of  the  Berwyns  occur, 
and  one  cannot  help  sunnising  that 
the  lessened  pressure  due  to  uplift 
may  have  left  areas  into  which  the 
deep-seated  rocks  under  the  sp- 
clines  would  be  thrust  It  is 
significant  that  the  igneous  rocb 
never  invade  the  synclinal  areas. 
They  are  in  greatest  force  near  the 
centre  of  the  dome,  where  they 
take  the  form  of  compact  felsites, 
whereas,  on  the  margins  where 
the  beds  are  dipping  towards 
the  synclines,  there  is  a  series  of 
thin  bands  which  follow  the  bed- 
ding with  remarkable  regularity, 
and  as  they  are  fragmental  in  places 
they  have  been  described  as  contem- 
poraneous volcanic  ashes. 

It  is  highly  probable  that  move- 
ment on  an  important  scale  has 
taken  place  along  the  same  lines  in 
later  times,  for  the  Bala  fault  in  its 
extension  towards  the  east  displaces 
the  Carboniferous  Limestone  at 
Caergwrle,  and  the  same  line  of  dis- 
location continued  under  the  Tnas 
of  the  Cheshire  plain  is  met  with 
again  on  the  flanks  of  the  Pennines. 
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Po5t-Txias9C  foldixkg  pBialie:  with  tbe  Pennine  Axis  is  jieen 
in  the  Vale  of  Ovyd  and  in  d>e  Cbeshin^  2J>d  Shrofi^hire  ait4i«^ 
and  traces  of  this  maj  peihaps  be  found  in  the  Ber«r\7)^ 

The  Carboniferous  Txx:ks  from  Llanvmynech  lo  l^ngo))cn 
are  disturbed  by  a  series  of  impKsnant  faults,  haxnng  an  oast  and 
west  trend.  This  means  a  folding  parallel  with  the  Am^orican 
axis,  and  it  may  be  correlated  with  the  moxnements  which  cau:^ 
the  Carboniferous  Limestone  of  Stafifordshin^  to  dip  under  the 
Trias  of  the  Midlands. 

In  the  north-east  part  of  the  area  \-ery  few  faults  are  rci^ordcd 
on  the  Survey  Maps,  but  by  patient  mapping  Messrs*  ltnH>m  and 
Lake  have  shown  that  in  the  Glyn  district  numerous  faults  o^vuti 
the  principal  of  which  have  an  east  and  west  trend.  Some  of 
these  may  l)e  the  continuations  of  those  which  have  aflfciicil  ll^c 
Carboniferous  Limestone. 

The  sheared  condition  of  the  rocks  makes  it  evident  that  grrttl 
movements  have  taken  place,  but  we  must  wait  lor  more  detailed 
mapping  before  definite  conclusions  can  be  drawn. 


Llandeilo    Skriks. 

The  lowest  beds  which  occur  in  tlu:  Wrrwym  nrr  thp 
Llanrhaiadr  Shales  of  Llandeilo  age.  Thtry  ;irr  well  mtfrfAril 
in  the  neighbourhood  of  Llanrhaiadr-yn-Mor:}iri;inf  in  tlm  \muUn 
of  the  stream  south  of  the  church,  on  the  ro;id«Eidr  nlort^  tlir 
banks  of  the  Rhaiadr,  and  in  road  ruttin^n  IratWn^^  ftntu 
Llanrhaiadr  to  Craig-yGlyn. 

The  shales  are  nearly  black,  and  br«^ak  if  it/;  t{t)tf/UM 
masses  which  exfoliate  into  round^rd  \t'u'f.'^M,  l)tf:y  hstvfi  }tt^t'U 
affected  by  cleavage  to  a  very  small  Tzt/mt,  Nuro' rou^;  ^tSfttfU 
of  grit  are  interbedded  with  th*:  <jh;j(«:st,  arid  wh^n  fh^-y  fttfi 
crumpled  into  folds,  as  along  *:.*:  ^.o^jrv:  of  tUfi  J'haii.vlf,  Om»  j(/iil! 
bands  are  sheared  into  lr:n:;':>;H  an  ir»fiMif>'.%  «rf»»>,  f^M-jr  fi^^r^iM 
as  continuous  bands  in  'Jr^fz  v.r.^.Ari'tx,  >//  'at  itrf.  ^)^\f.%  hA-/*-, 
yielded  no  foi*:!*. 

At  Craig-v-Oz-r.  "i>r.  i.'-":  vrj^r*  *f,  <.p  *ryWre  i.r,v^v^H^-*  yy,  to 
500  feet  ±*:dE.  *r.>.r.  d.^  ir'  \  K  f-  vv-:?  .//»-^y  p**^r*  f?,-* 
limestones  art  JiOtr.  xz.\Autpkui  ty ramify i^  *r/^r..v^  %tA  fff(%\<^ 
and  in  thierr  r-:;AZ*cr  >>rr. .',»•. ;  Jriru^.^u:  ^on^^n/n^t^i  A^M^^hh^ 
Lepiana  liSridfi.    Crtf^j,:  r*r.;--i>.    \.'x\   v.*./;r  'f/^<.^.%  v/r.r       f>,«» 
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Llandeilo  and  Bala  beds.  These  will  be  considered  later  when 
the  various  sedimentary  members  of  the  series  have  been  passed 
in  review. 

Bala  Series. 

With  our  present  knowledge  it  is  impossible  to  give  the  exact 
limits  of  the  Llandeilo  and  Bala  formations.  The  beds,  how- 
ever, are  by  no  means  unfossiliferous,  and  systematic  collecting 
would  soon  lead  to  important  results.  Generally,  it  may  be 
taken  that  the  soft  black  shales  in  the  middle  of  the  area  are 
Llandeilo,  and  the  Bala  forms  a  ring  all  round  them. 

The  Bala  slates,  as  a  rule,  are  imperfectly  cleaved,  but  in  the 
neighbourhood  of  the  igneous  rocks  at  Cader  Berwyn  and  Craig 
Rhiwarth,  near  Llangynog»  workable  slates  are  obtained.  Bands 
of  grit  are  interbeddcd  with  the  slates  at  various  horizons,  some 
of  which  are  very  massive,  and  they  have  been  quarried  for  road 
metal. 

In  the  Glyn  area  Messrs.  Groom  and  Lake  recognise  the 
following  sub-divisions  of  the  Bala  and  overlying  Silurians 
Thanks  to  these  workers,  we  now  have  a  typical  district  well 
described,  and  this  will  serve  for  comparison  with  other  areas. 

The  sequence,  according  to  the  authors,*  is  as  follows : 

Denbighshire  Slates. 

Ty-Draw  Slates,  with  Manograpius  marri  .         .J     TaraNNON 

Fron-Frys  Slates,  with  Finiamtrus  undafus^  Meristina  cf.  >  and 

cr assay  NidulittsfaxmSy  etc )    LlanDOVEKV. 

Glyn-Valley   Series   *  f>  S!?'^k^"'„^",^  ^''""k^'p/.v  .     '\ 
^  '  \{a)  Ddolhir    Beds,   with   Phytlopora 

hisingeriy     Ramipora     hoc  hste  tier  i^      7'rinucUus 

sittcurniSy   species   of    Cyb^le^  Cheirurus^   Remo- 

pUurideSy      and      numerous      cyslids,      corals, 

brachiopoda,  etc.         ...... 

Graptolite-Slates,  with  Dicellograptus  elegans 

Gap. 


1{e)   Pen-y-Graig  Ash 
{li')  Bryn  -  Beds,    with      Tetradelia     complicata, 
Phacops  apiculatus^  TrinucUus  concenlrxcus . 
TripUsia       spiriftroides^        Rafinesquina 
ungula,  etc 
(c)    Craig-y-Pandy  Ash 
(A)  Teirw    Beds,  with   Lingida   ttnuigranulata, 
Bellnophon  nodosus^  Asaphus  powisi^  etc. 
(a)  Cwm-Clwyd  Ash 


Bala. 


The  Teirw  Beds  are  correlated  with  the  Roman  Fell  group  of 
the  Lake  District,  and  the  Bryn  Beds  with  the  Sleddale  Beds.  An 
important  fault  running  along  the  strike  of  the  beds  has  been 
shown  to  e.xist  between  the  Graptolite-slates  and  the  overlying 
Ddolhir  Beds.     The  Bala  Limestone  is  well  exposed  in  a  quarr)' 

•  Abs.  Proc.  Geol.  Soc,  of  London.  No.  863,  1908. 


THE   GEOLOGY   OF   THE    BERWYN    HILLS.  483 

near  Ddolhir.  It  is  divided  by  thin  shales  into  beds,  and 
differential  shearing  along  the  shales  has  drawn  out  the  limestone 
into  lenticles.  Under  the  microscope  the  rock  is  finely  granular, 
and  shows  that  crushing  has  affected  its  most  intimate  structure. 
Fragments  of  shells,  encrinite  stems  and  corals  are  abundant,  and 
in  places  great  bunches  of  Halysites  occur. 

Outside  the  sheared  zone  the  beds  have  suffered  decalcification, 
and  the  fossils,  which  are  found  in  great  profusion,  mosdy  occur 
as  casts. 

Near  Milltir-gerig  the  limestone  is  phosphatic,  and  has  been 
worked  in  tunnels,  but  quite  close  to  the  works  where  the  limestone 
crosses  the  stream  and  causes  a  little  waterfall,  it  is  decalcified. 

The  same  features  are  observed  all  round  the  outcrops,  and  it 
is  only  in  certain  localities  that  it  appears  as  a  true  limestone. 

Lower  Llandovery  Beds  have  never  been  recorded  from  the 
Berwyns,  but  the  Upper  Llandovery  is  represented,  according  to 
Messrs.  Groom  and  I^ke,  in  the  strata  intervening  between  the 
Bala  Limestone  and  Tarannon  shales.  They  can  be  readily 
examined  in  the  old  slate  quarries  west  of  the  Selattyn  road. 
The  Ordovician  rocks  are  everywhere  bordered  by  a  band  of 
Tarannon  shales,  which  lead  upwards  to  the  Denbighshire  grits 
and  slates  of  Wenlock  age. 

SiLURLAN. 

Denbigh  Grits  and  Slates  fill  the  synclines  which  exist  as  a 
ring  round  the  dome.  The  sequence  is  broken  or  rather  con- 
cealed under  the  Carboniferous  rocks,  and  in  the  south-east 
corner  they  have  been  denuded. 

Before  the  uplift  of  the  anticlinal  areas  they  must  have 
covered  the  whole  of  the  Berwyn  area. 

At  Glyn  very  extensive  slate  mines  are  now  being  worked  in 
this  formation,  and  along  the  same  strike  at  Glyndyfrydwy  and 
other  places  to  the  west  quarr>'ing  operations  are  also  carried  on. 

North  and  west  of  Llangollen  the  same  beds  come  in  in  great 
force,  rolling  into  a  series  of  minor  folds  before  rising  to  the 
anticline  of  Cyrn-y-Brain. 

Alx)ut  Llangollen  and  in  other  restricted  areas  they  are 
fossiliferous,  containing  such  forms  as  Orthoceras  pritmtvum  ; 
O.  vtntricosum^  Cardiola  interrupta^  Actinocrinus  pulchtr^  a  few 
Graptolites  and  other  forms. 


C.\ki;« >.VIFEROUS    LiMESTONK. 

The  basement  beds  of  the  Carboniferous  series  lie  uncon- 
formably  on  the  Denbigh  slates  on  the  line  of  a  minor  anticline 
about  two  miles  north  of  Llangollen.   The  strike  of  the  underlying 
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Linustone  rises  in  the  great  scarp  c 
l)r()ceeding  eastwards  with  the  dip  \ 
cession  of  the  Carboniteroiis  nx'.ks  s 
North  Wales.  The  jihotograph  by 
reproduced  as  Plate  XXV,  gives  a  vie 
Mr.  G.  H.  Morton  classifies  the 
their  lithological  characters,  and  th< 
taken  as  showing  the  order  which  is 
district.     The  thickness  only  applies  1 

TABULAR  VIEW  OF  THE  CARBONI 
CEFN-Y-FEDW  SANDSTONE  IN 
LLANGOLLEN.t 
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Wheelton  Hind  and  Dr.  A.  Vaughan  took  part,  data  were 
obtained  which  enabled  these  workers  to  zone  the  limestones  and 
overlying  beds  according  to  the  type  sections  described  by  Dr. 
Vaughan  in  the  Avon  sequence.  The  Tournasian,  as  developed 
in  the  typical  Avonian  section  is  not  represented.  The  district 
was  not  submerged  until  the  beginning  of  Visean  times.  It  is 
interesting  to  note  that,  when  depression  began  to  take  place  in 
North  Wales,  movements  were  also  in  progress  in  the  south,  which 
gave  rise  to  an  unconformity.  The  lowest  beds  in  the  Llangollen 
district  are  found  to  be  mainly  of  Di  age,  but  they  may  also 
embrace  a  part  of  the  Sem inula  zone.  About  the  top  of  the 
Lower  White  Limestone  of  Morton  the  zone  of  1)2  comes  in  and 
extends  to  the  summit  of  the  Upper  Grey  Limestone. 

The  Sandy  Limestone  has  suffered  decalcification,  but  it 
contains  a  fauna  characteristic  of  1)3. 

The  Middle  and  Lower  Cefn-y-Fedw  Series  are  correlated 
with  the  Pendleside  Series  of  Dr.  Hind,  and  the  overlying  sand- 
stones and  shales  with  the  Millstone  Grit. 

The  Carboniferous  Limestone  attains  its  maximum  thickness 
in  the  Eglwyseg  rocks.  At  Fron-y-Cysyllle,  on  the  south  side  of 
the  Dee  and  only  a  few  miles  from  Llangollen,  the  lower  600  ft. 
are  unrepresented,  and  the  Upper  White  Limestone  rests  directly 
on  the  Silurian.  At  Bron-y-Garth,  Craignant,^  Llawnt,  and 
Treflach  Wood  the  Upper  Grey  Limestone  forms  the  base 
of  the  series,  while  the  Upper  White  comes  in  again  at  Nant 
Mawr  and  Porth-y-Waen,  and  still  farther  to  the  south,  at 
Llanymynech,  the  Lower  White  Limestone  is  developed.  Thus, 
on  proceeding  southwards  along  the  strike  of  the  beds  from  Llan- 
gollen to  Llanymynech  we  find  an  area  in  the  middle  where  only 
the  upper  beds  were  deposited.  This  suggests  that  a  ridge  of  land 
at  least  600  ft.  in  height  stood  above  the  water  when  the  lower  beds 
were  laid  down.  It  is  interesting  to  note  that  this  ridge  corresponds 
in  position  and  direction  with  the  anticlinal  arch  of  the  Berwyn 
dome.  North  of  the  ridge  a  bay  ran  up  into  the  interior  at  least 
as  far  as  Corwen,  and  another  em  bay  men  t  existed  to  the  south 
near  Llanymynech.  The  section  (Fig.  35,  page  480)  is  not  taken 
in  a  direct  N.  and  S.  line,  but  follows  the  westerly  face  of  the 
Carboniferous  escarpment.  It  represents  the  lie  of  the  beds  if  we 
-consider  the  limestones  to  be  replaced  in  the  positions  they 
occupied  before  the  displacements  caused  by  the  east  and  west 
faults  The  top  of  the  Upper  (}rey  Limestone  has  been  chosen 
as  a  datum  line  from  which  the  measurements  of  the  various 
beds  have  been  taken. 

All  along  the  strip  of  Carboniferous  rocks  the  beds  show  a 
persistent  easterly  dip,  and  the  higher  members  of  the  series  crop 

♦  The  photograph  by  Mr.  G.  BIn(?Iey,  which  It  reproduced  as  Plate  XXVI,  thows  a 
large  colony  of  Lithostrotion  irrtnulare  in  the  Carboniferous  Limestone  at  Cralgnant 
^Quarry.    Ine  scale  in  the  photograph  represents  Inches. 
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out  towards  the  east  Thus  in  the  section  (Fig.  35)  whidi  nins 
along  the  strike  they  are  represented  by  horizonttl  Imes. 

It  is  mentioned  above  that  the  sandy  beds  above  tbe  Uine- 
stones  have  been  decalcified,  and  represent  horiaons  developed  in 
the  north  of  England  as  true  limestones. 

Morton*  clearly  had  this  in  mind  when  he  doubted  in  aone 
instances  whether  they  should  be  included  with  tbe  Carboni- 
ferous Limestone  or  with  the  Cefn-y-Fedw  Sandstones.  Good 
sections  are  rarely  exposed,  but  in  the  neighbourhood  of  Oiweiliy 
Racecourse  at  Underhill,  and  in  Allinson's  Quarry  at  Cwm  Sydi 
they  have  been  worked  mainly  for  the  cherty  bands  wfaidi  oooir 
interbedded  with  the  sandy  beds.  At  Allinson's  Quany  a  ridi 
fauna  has  been  obtained  with  such  forms  as  Actmaetmcka 
planosulcatus^  Caninia  campophyllum^  Cyaikaxonia^  Ih^^iiieiMS 
concinnus,  and  other  fossils  which  characterise  a  D3  1 


We  have  no  proof  that  any  part  of  the  Berwjrns  has  been 
under  the  sea  since  Carboniferous  times.  Newer  rodcSi  indoding 
Coal  Measures,  Permian  Sandstone  and  Trias,  appear  to  the  out. 
and  only  fifteen  miles  from  Oswestry  Rhsetic  and  Liasac  beds 
occur.  It  is  highly  probable  that  the  Liassic  sea  washed  the 
flanks  of  the  eastern  hills,  but  no  trace  of  the  deposits  laid  down 
are  to  be  seen.  What  is  concealed  under  the  drift  we  do  not 
know,  but  there  is  not  wanting  evidence  which  suggests  that  the 
patch  of  Lias  near  Whitchurch  is  only  one  of  a  series,  and  others 
exist  under  the  glacial  deposits  of  the  Cheshire  pbin. 

Glacial  Deposits. 

Two  distinct  types  of  Drift  are  found  in  the  Berwyn  area. 
One  resembles  the  accumulations  spread  over  the  lowlands  of 
Lancashire  and  Cheshire,  and  indicates  a  transport  of  materials 
from  the  north,  the  other  is  exclusively  of  Welsh  origin. 

The  Welsh  Drift  has  a  dark  matrix  and  never  contains  marine 
shells.  It  is  not,  properly  speaking,  a  clay,  but  consists  mainly  of 
finely  comminuted  slates  mixed  with  .sand.  The  boulders  con- 
tained in  the  matrix  are  of  Welsh  origin,  and  in  the  Berwyns 
the  parent  rocks  are  always  found  to  the  west.  This  fact,  in 
conjunction  with  the  trend  of  the  glacial  striae,  points  to  a  move- 
ment of  ice  from  the  high  grounds  forming  the  western  borders^ 
and  boulders  from  the  Arenigs  still  farther  west  prove  that  even 
these  heights  were  overridden. 

Considering  the  North  Wales  Drift  as  a  whole  we  find  that  in 
the  earlier  part  of  the  glacial  period  the  mountainous  land  on  the 
west  became  covered  with  ice.  With  the  extension  of  the  cold» 
glaciers  were  formed  which  crept  down  the  low  grounds  as  valley 

•  op.  cit.,  p.  122. 
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glaciers.  Then  they  become  conf.urnt,  and  a  radiant  point  was 
set  up  in  the  neighbourhood  of  the  Arenigs  from  which  the  ice 
shed  towards  the  Irish  Sea  on  the  north,  towards  St,  George's 
Channel  on  the  west,  while  eastwards  great  tongues  debouched 
into  the  Cheshire  and  Shropshire  plains  and  reached  far  into  the 
^ridlands. 

Then  the  northern  ice,  af:er  invading  the  Irish  Sea  and  filling 
it  to  overflowing,  welied  over  the  low  grounds  of  Lancashire  and 
Cheshire  into  the  Midbnds.  I:  reached  the  coasts  of  North 
Wales  and  laid  down  the  detritus  which  now  forms  the  narrow 
coastal  plain  at  th-r  foot  of  the  hills.  The  high  ground  near  the 
coast  offered  too  great  a  resistance  for  the  northern  invader  to 
penetrate  far  into  the  interior,  but  where  wide  embayments 
opened  to  the  north,  as  in  the  ^'ale  of  Clwyd,  or  gentle  slopes 
reached  down  to  the  sea,  as  in  the  neighbourhood  of  Carnarvon, 
the  ice  overrode  the  country  to  a  considerable  extent,  reaching  as 
far  as  Denbigh  in  the  Vale  of  Clwyd,  an'.i  to  the  summit  of  Moel 
Try  fa  en  south  or"  Carnarvon. 

As  no  effective  outlet  was  found  towards  the  interior  of  the 
country  the  northern  ice  was  compelled  to  split  into  two  streams, 
one  turning  westwards  over  Anglesey  and  the  other  eastwards 
along  the  coast  till  it  became  confluent  with  the  main  stream 
progressing  over  Lancashire  and  Cheshire.  The  course  of  this 
component  of  the  northern  ice  is  marked  by  glacial  deposits  on  the 
Welsh  border  hills,  which  in  places  reach  an  altitude  of  1,300  ft. 

With  the  approach  of  the  northern  invader  the  native  Welsh 
ice  shrank  hack  to  its  mountain  fastnesses  and  dwindled  into 
small  valley  glaciers.  On  the  North  Wales  coast  at  i'enmaen- 
mawr,  and  on  the  Border  Hills  above  Ruabon  the  two  drifts  can 
be  seen  in  conjunction.  The  northern  always  overlies  the 
Welsh,  thus  proving  their  relative  ages. 

Clear  signs  of  the  retreat  of  the  Welsh  glaciers  are  seen  in  the 
valleys.  Where  they  halted  for  a  time  moraines  stretch  across 
the  valleys.  The  Clwyd,  the  Dec,  the  Ceiriog  and  the  Tanat 
have  all  breached  these  mounds,  and  provided  good  sections  for 
examination. 

The  northern  ice  moving  southwards  across  the  valley  mouths 
of  the  Dee  and  Ceiriog  obstructed  the  drainage.  Hence  lakes 
were  formed  which  overflowed  from  one  valley  to  another. 

The  district  has  not  been  critically  examined  for  evidences  of 
the  existence  of  overflow  channels,  but  one  near  Selattyn,  with  a 
valley  floor  1,157  ft.  above  sea  level,  is  an  evident  case. 

In  the  heart  of  the  I^ierwyns  the  deep  valleys  show  very  clear 
signs  of  glacial  action.  Besides  the  moraines  mentioned  above, 
hanging  lateral  valleys,  caused  by  the  overdeepening  of  the  main 
channels,  abound,  and  the  sudden  steepening  of  the  valley  slopes 
on  descending  to  lower  levels  is  very  significant. 

Standing  on  an  eminence  such  as  the  Kglwyscg  Rocks,  and 
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looking  up  the  Dee  Valley,  we  see  inosculating  spurs  caused  by 
the  windings  of  the  river.  They  descend  from  the  mountains 
with  even  and  gentle  slopes  down  to  about  the  i,ooo  ft  contour. 
I'hen  they  fall  suddenly  and  form  a  U  shaped  trough  within  the 
older  valley.  The  spurs,  too,  which  in  an  unglaciated  country 
are  sharp-pointed  and  run  down  to  the  floor  of  the  valley  are 
blunted  and  worn  and  present  steep  cliff-like  terminations. 

If  we  examine  a  contoured  map  we  find  that  in  some  valleys 
the  contours  below  i,ooo  ft  are  almost  straight  and  show  little  or 
no  indentations  toward  lateral  valleys.  Above  this  level  the 
contours  curve  inwards  with  the  valleys.  With  normal  drainage 
the  reverse  is  the  case,  and  the  contours  are  more  deeply  indented 
at  the  lower  levels. 

In  the  neighbourhood  of  Llangynog  there  are  a  number  of 
waterfalls  of  sufficient  importance  to  claim  a  name  on  the  i-inch 
Ordnance  Map.  These  are  Pistyll  Gyfyng,  or  Pistyll  Cwm  Llech, 
Pistyll  Cablyd,  Pistyll  Blaen-yCwm,  and  Pistyll  Rhaiadr.  All 
these  are  on  the  i,ooo  ft  contour. 

At  Pistyll  Rhaiadr  a  band  of  felsite  occurs  over  which 
the  water  falls  210  ft,  and  the  su[)erior  hardness  of  this  band, 
compared  with  the  neighbouring  slates,  may  have  had  some 
influence  in  determining  the  position  and  persistence  of  the  water- 
fall. No  such  disturbing  factor  can  be  adduced  in  the  other 
instances  for  they  are  not  associated  with  igneous  rocks. 

The  evidence  seems  to  be  irresistible  that  the  ice  which  filled 
the  valleys  exerted  a  powerful  erosive  action  and  has  deepened 
some  of  them  to  the  extent  of  300  to  400  ft. 

In  the  highest  ground  at  Craig  Berwyn  and  Moel  Sych,  the 
beautiful  cirques  with  steep  cliff's  over  600  ft  high  may  also  be 
cited  as  proofs  of  glacial  erosion. 

Llyn  Llyn  Caws,  a  dark  and  gloomy  lake,  nestles  under  the 
steep  crags  of  the  Moel  Sych  cirque. 

The  northern  drift  consists  of  brown  boulder  clay  with  inter- 
calated and  irregular  bands  of  sands  and  gravels.  Speaking 
broadly  the  Boulder  Clay  is  characteristic  of  the  lowlands,  but  in 
places  it  is  found  to  a  height  of  800  ft.  The  sands  and 
gravels  come  in  with  greater  force  in  the  higher  grounds,  where 
they  form  great  hummocky  mounds  or  eskers  which  reach  an 
altitude  of  1,300  ft.  Isolated  boulders  of  northern  origin  (mainly 
Eskdale  granite),  are  found  on  the  hills  above  Selattyn  at  about 
the  same  level. 

The  clays  contain  erratics  of  a  Northern  tj-pe,  and  are 
characterised  by  the  presence  of  marine  shells,  mostly  frag- 
mentary. 

Mr.  A.  C.  Nicholson*  of  Oswestry  has  described  the  sands  and 
gravels  so  well  developed  at  Old  Oswestry  and  (ilopa,t  and  the 

•  "On  High  Level  Glacial  Gravels  at  Gloppa,"  Quart,  Jonrn,  Giol,  Sor,,  x8q3,  vol. 
xlvlH,  p.  86. 

t  The  word  is  spelt  "  Glopa  "  in  the  Ordnance  Map,    Nicholson  renders  it  '*  Gloppa." 
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section  he  gives  (Fig.  36)  is  reproduced  by  permission  of  the 
Council  of  the  Geological  Society. 

The  Glopa  gravels  occur  at  an  altitude  of  1,130  ft  They 
have  been  extensively  worked  to  provide  material  for  the  filter 
beds  of  the  Liverpool  Corporation  Waterworks,  and  good  sections 
are  exposed.  No  definite  bedding  can  be  made  out  in  the 
series  as  a  whole.  They  consist  of  coarse  gravel  with  waterwom 
boulders,  fine  gravel,  sand  and  boulder  clay.  The  fine  gravel 
and  sands  are  sometimes  false  bedded,  but  the  bands  rarely 
persist  more  than  a  few  feet.  The  Boulder  Clay  occurs  in 
patches  at  all  horizons  and  is  frequently  sheared  round  the  larger 
erratics.  Among  the  erratics  there  is  a  striking  preponderance  of 
boulders  of  Eskdale  granite.  Other  Lake  District  rocks,  sudi  as 
the  Buttermere  granophyre  and  Andesitic  agglomerate  of  the 
Borrowdale  type,  are  also  common.  From  South  Scotland  we  get 
granites  from  Dalbeattie  and  Criffel.  Carboniferous  Limestone, 
Canister,  Coal,  Cherts,  Triassic  Sandstone,  Bala  Slates  and  Grits, 
and  Welsh  Felsites  have  evidently  been  derived  from  more  local 
sources. 

Marine  shells  occur  mainly  in  the  sands.  They  are  by  no 
means  common  nor  are  they  well  preserved.  Nicholson*  gives  a 
list  of  about  fifty  species  of  fossils  which  he  collected  after  long 
and  patient  searching  of  the  beds  when  they  were  more 
vigorously  worked  than  at  present. 

The  fauna  bears  a  striking  resemblance  to  that  contained  in 
similar  beds  on  Moel  Tryfaen,  and  the  majority  of  the  species 
have  been  recorded  from  the  drifts  of  Lancashire  and  Cheshire. 
"  A  notable  find  was  a  portion  of  a  tusk  of  Elephas  which  was 
discovered  in  the  contorted  strata  in  the  upper  part  of  the 
deposit." 

He  also  lists  remanie  fossils  from  Silurian,  Carboniferous 
Lias,  and  Gault  and  Chalk  formations. 

The  Silurian  and  Carboniferous  fossils  can  easily  be  accounted 
for  as  the  ice  must  have  overridden  strata  of  these  ages  in  order 
to  reach  the  position  in  which  they  are  found.  Boulders  of  flints 
and  hard  chalk  resembling  Antrim  types  may  have  come  from 
Ireland.  I  can  confirm  the  occurrence  of  Lias  fossils  as,  on  a 
recent  visit,  I  found  Ammonitts  communis  and  Gryphca  incurve. 
These  have  probably  been  derived  from  outliers  of  this  age  which 
are  now  hidden  under  the  Boulder  Clays  to  the  north.  (See 
p.  486). 

At  Old  Oswestry  precisely  similar  shelly  sands  and  gravels  are 
found  at  an  elevation  of  540  ft. 

It  is  not  worth  while  discussing  the  theories  which  have  been 
advanced  to  account  for  the  high  level  shelly  sands  and  gravels. 
It  is  generally  recognised  by  geologists  that  they  were  ice-borne 
and  that  the  country  stood  at  about  the  same  level  as  at  the  present 

*  op.  cit.,  p.  91. 
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day.  The  shells  are  true  boulders  (some  of  them  show  glacial 
striae),  and  the  same  agent  which  could  uplift  Triassic  Sandstones 
from  the  low  grounds  could  also  bring  shells  from  the  bed  of  the 
Irish  Sea  into  their  present  position. 

IGNEOUS     ROCKS. 

It  now  remains  to  consider  the  igneous  rocks  which  occur  in 
the  Berwyns.  They  may  be  roughly  divided  into  three  series. 
The  first  is  found  in  the  central  anticlinal  area  ;  the  second  forms 
a  peripheral  series  which  extends  in  an  almost  unbroken  sequence 
round  the  margins  of  the  dome;  the  third  is  developed  as  a 
number  of  sills  and  dykes  in  the  northern  and  north-westerly 
regions. 

I.     Central  Series. 

These  rocks  occur  in  force  near  Llangynog  and  in  a  strip  of 
country  to  the  north-east  of  that  town.  On  the  Survey  map  they 
terminate  at  a  fault  which  runs  along  the  Iwrch  Valley.  At  Cwm 
Llechog,  however,  two  bands  occur  300  and  400  yards  above  the 
junction  of  the  Iwrch  and  Cwm  Llechog  streams  and  at  least  a 
quarter  of  a  mile  to  the  north  of  the  fault  as  mapped.  There 
appear  to  be  five  bands,  but  the  complex  nature  of  the  ground 
makes  it  impossible  to  say  with  our  present  knowledge  whether 
they  may  not  be  repeated  by  faulting. 

Near  Llangynog  the  rock  consists  of  a  light  grey  felsite  which 
shows  spherulites  as  white  spots  on  weathering.  Under  the 
microscope  it  exhibits  an  abundance  of  idiomorphic  crystals  of 
orthoclase  in  a  felsitic  matrix.  Perfectly  formed  felspars  often 
occupy  the  nuclei  of  the  spherulites.  A  greenish  mineral  also 
occurs  which  may  be  a  decomposition  product  of  a  ferro- 
magnesian  mineral. 

South  of  Lhngynog  a  great  boss  of  the  felsite  stands  out  like 
a  pillar  above  the  surrounding  slates.  It  consists  of  columns 
which  vary  from  one  to  two  feet  in  diameter.  On  the  east 
side  the  columns  are  nearly  horizontal,  their  longer  axes 
dipping  6**  in  a  direction  35^  N.  of  E.  On  the  same  side  but  at 
a  lower  level  they  dip  lo.**  in  the  same  direction.  On  the  north 
face  of  the  boss  their  axes  dip  11*^,  25''  N.  of  E.,  and  near  the 
base  60*^,  5*^  N.  of  E.  On  the  west  side  they  slope  30**,  75** 
N.  of  E.  near  the  top,  and  25°,  65**  N.  of  E.  below.* 

On  plotting  these  directions  they  appear  to  converge  towards 
the  north-west  to  a  point  outside  the  present  extension  of  the 
boss.  The  part  which  remains  may  be  a  quadrant  of  a  larger 
mass  with  columns  radiating  from  the  centre.  It  is  quite  possible 
that  we  are  dealing  with  the  plug  of  a  volcanic  neck  which  acted 

*  These  bearings  are  magnetic. 
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as  a  feeder  to  the  sheets  which  penetrate  the  slates  in  the  hills  to 
the  north-east. 

On  the  south  side  a  fault  containing  a  mineral  vein  separates 
the  boss  from  the  slates,  so  the  actual  contact  is  not  visible. 
Across  the  valley  at  Craig  Rhiwarth  two  bands  of  felsite  ol 
exactly  similar  composition  penetrate  the  slates.  Quarr>'ing  is 
carried  on  in  the  beds  immediately  below  the  igneous  rocks,  the 
slates  in  this  position  having  a  more  perfect  cleavage  than  those 
more  distant. 

Good  exposures  of  the  same  rock  occur  at  Pistyll  Rhaiadr. 
Here  there  are  two  bands  with  slates  intervening  which  merge 
into  one  bed  to  the  south.  They  dip  towards  the  western  s}7icline 
about  lo**.  The  lower  bed  is  columnar  and  about  forty  feet  thick. 
The  upper  part  is  vesicular,  the  individual  vesicles  being 
drawn  out  to  two  inches  in  length.  Above  this  lies  a  silky 
slate  twenty  feet  in  thickness.  Next  follows  a  breccia  with  slate, 
grit,  and  felsitic  fragments.  The  slate  is  sheared  round  "eyes" 
of  grit  and  felsite,  and  one  piece  of  included  slate  is  eight  feet 
long  and  fifteen  inches  wide.  The  upper  felsitic  sheet  succeeds, 
and  still  higher  normal  slate  is  met  with  which  continues  for 
nearly  a  mile  until  it  dips  under  an  intrusive  sill  of  the  3rd  Series. 
The  upper  and  lower  margins  of  the  slate  in  contact  with  the  sill 
are  converted  into  spotted  slate.  Other  bands  belonging  to 
the  Central  Series  are  exposed  on  Doldrum,  Godor,  and  Y-Gam. 
Nowhere  in  this  series  do  we  find  rocks  bearing  any  resem- 
blance to  volcanic  tuffs.  They  are  sometimes  fragmentary  but 
only  where  there  has  been  shearing. 


2.     Peripheral  Series. 

From  the  Carboniferous  Limestone  escarpment  near  Selattyn 
a  series  of  three  parallel  bands  of  igneous  rocks  can  be  traced 
westwards  to  Llandrillo.  One  of  these,  the  highest  in  the  strati- 
graphical  sequence,  has  not  been  observed  beyond  this  point. 
The  other  two  continue  southwards  with  the  strike  of  the 
rocks.  The  middle  one  persists  as  far  as  the  south-west 
corner  near  Llanwddyn,  where  it  bends  back  sharply  into  the 
interior  with  the  over-folded  slates.  The  overfold  conceals  the 
outcrop  for  some  miles,  but  following  the  general  strike  of  the 
strata  we  pick  up  the  same  band  along  the  crest  of  Mynydd- 
y-Briw,  and  the  circle  is  completed  by  connecting  up  with  the 
masses  of  Glascoed,  Mynydd-y-Bryn,  Moelydd,  and  Blodweli 
Hall,  which  dip  under  the  limestone  escarpment. 

The  section  (p.  480)  shows  that  the  latter  may  once  have  been 
continuous  with  the  Selattyn  rocks  over  the  Bala  anticline. 
The  innermost  band  follows  a  course  parallel  with  the  middle 
one  nearly  as  far  as  Llangynog.     To   the   north  of  Himant  it 
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reaches  the  surface  again  and  forms  five  distinct  bands.  These 
are  probably  only  repetitions  of  the  same  bed  caused  by  folding 
and  faulting.  The  peripheral  series  can  be  conveniently  studied, 
and  in  their  normal  development,  at  Llansantfraid-Glyn-Ceiriog, 
at  Llandrillo,  and  about  Craig  Wen.  At  all  these  places  there 
are  good  natural  exposures  and* about  Glyn  they  have  been 
extensively  quarried. 

For  purposes  of  reference  we  adopt  the  nomenclature 
introduced  by  Messrs.  Groom  and  Lake.  These  authors  refer  to 
the  outermost  bed  as  the  **  Pen-y-Graig  Ash,"  the  middle  one 
as  the  "  Craig-y-Pandy  Ash,"  and  the  lowest  in  stratigraphical 
order  as  the  '*  Cwm  Clwyd  Ash."  In  the  Survey  Memoir  they 
are  called  respectively  the  "  Little  Ash,"  the  "  Upper  Bala 
Ash  Bed  "  and  the  "  Lower  Ash  Bed." 


2  {a).     Pen-y-Graig  Igneous  Band. 

Near  Glyn  this  bed  has  been  quarried  in  underground 
workings  under  Pen-y-Graig.  Here  it  is  fifteen  to  thirty-five 
feet  thick,  but  rapidly  thins  out  when  followed  towards  the 
west.  The  general  dip  is  26°  N.N.E.  It  can  be  traced  for 
eight  or  ten  miles  to  beyond  Llandrillo.  The  lower  part  is  a 
soft,  compact,  fine-grained  bluish  stone,  which  forms  irregular 
columns  and  breaks  with  a  conchoidal  fracture.  At  the  top  of 
the  bed  it  is  vesicular  and  contains  numerous  amygdules  filled 
with  calcite.  Some  of  these  are  more  than  two  inches  in 
diameter.  The  rock  is  traversed  by  calcite  and  quartz  veins,  and 
in  the  joints  dendrites  and  pockets  of  manganese  dioxide 
occur. 

The  slates  above  aAd  the  grits  and  slates  below  show  little, 
if  any,  metamorphism.  Under  the  microscope  the  stony  ground- 
mass  is  seen  to  contain  large  numbers  of  felspar  laths,  arranged 
in  stellate  groups  or  oriented  in  a  manner  suggestive  of  flow. 
They  show  signs  of  rapid  growth  and  are  frequently  filled 
^ith  secondary  calcite. 

A  dark  brown  mineral  moulds  itself  on  the  felspars  and 
this  may  result  from  the  decomposition  of  Hornblende. 


2  (d).    Craig-v-Pandv  Igneous  Band. 

The  second  bed  has  been  worked  in  a  large  quarry  on  the 
right  bank  of  the  Ceiriog  opposite  Coed-y-Glyn,  at  Cae  Deicws, 
and  on  the  face  of  the  Craig-y-Pandy. 

It  is  the  thickest  and  most  persistent  of  the  peripheral  beds, 
said  from  the  summit  of  Craig-y-Pandy  it  can  be  followed  as  a 
Ceature  for  many  miles  to  the  west. 

In  the  river-side  quarry  it  is  seen  in  contact  with  the  over- 
Froc  Gkol.  Assoc,  Vou  XX,  Part  7,  1908.]  35 
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lying  Bala  Slates  (Bryn  beds  of  Messrs.  Groom  and  Lake). 
The  line  of  junction  has  evidently  formed  a  plane  of  movement, 
for  the  marginal  portions  are  sheared  and  contain  many 
fragments  of  slate,  china  stone,  and  limestone. 

The  middle  portion  is  a  white  saccharine  rock  with  angular 
enclosures  of  brown  calcite.  In  thin  slices  it  is  seen  to  contain 
idiomorphic  quartz  in  large  quantities  and  fresh  orthoclase 
felspar  in  a  quartz  mosaic.  In  parts  it  is  vesicular,  the 
amygdules  being  princijially  composed  of  chalcedony.  The  rock 
has  been  quarried  at  Cae  Deicws,  and  Craig-y-Pandy  for  china 
stone.  The  photograph  by  Mr.  G,  Bingley,  Plate  XXVII,  gives 
a  view  of  a  china  stone  quarry  at  the  first  of  these  localities. 

Movement  has  also  taken  place  at  the  lower  margin  of  the 
sheet.  For  33  yards  below  the  china  stone  the  rock  is  a  mixture 
of  slate,  china  stone,  and  blue  igneous  material,  drawn  out  into 
lenticles  parallel  to  the  planes  of  shearing.  The  whole  mass  is 
traversed  by  numerous  quartz  veins,  which  have  a  general  trend 
at  right  angles  to  the  shear  planes. 

The  same  bed,  as  developed  near  the  Milltir  Gerig  Pass,  is 
doscribed  by  Jukes  as  follows  ("  Geol.  N.  Wales"  p.  216): 
*'  Oossing  Craig  Wen,  and  clearly  visible  on  the  roadside  of  the 
Milltir-Gerig,  is  the  band  of  rock  answering  to  the  Upper  Bala 
Ash  bed.  This,  however,  puts  on  here  rather  the  character  of  a 
compact  trap  than  an  ash.  It  is  a  pale,  greenish-grey  felstone, 
but  acquires  a  nuich  more  brecciated  and  ashy  character 
towards  the  south,  while  northwards  it  becomes,  perhaps,  still 
more  compact  and  trappean,  and  increases  in  thickness." 

At  Mynydd-y-Hriw  it  occurs  as  two  bands  with  slates  between. 
Towards  the  cast  these  become  fused  into  one  sheet  which  dips 
with  the  slates  at  a  high  angle.  In  some  parts  it  is  almost 
vertical.  One  of  the  bands  contains  a  line  of  slate  fragments 
about  a  foot  from  the  top. 

2  (<•).     CwM    Clwyd    Igneous  Band. 

The  third  band  (Lower  Ash  Bed  of  Survey)  appears  about  a 
mile  to  the  south  of  the  second  band  at  Cwm  Clwyd.  It  is  quite 
accessible  though  not  quarried  in  the  Glyn  district.  On  the 
moors  towards  the  east  it  can  be  examined  in  many  places,  as 
at  Craig  and  Cefn  coch,  where  it  stands  out  above  the 
surrounding  slates  like  a  dyke.  It  is  rudely  columnar  and  is 
crossed  by  strong  transverse  joints,  which  give  it  a  platy 
appearance.  Like  the  foregoing  it  thickens  in  the  Llandrillo 
area,  and  ''  near  the  grouse  box  on  Craig  Wen  it  is  inter- 
stratified  with  apparently  contemporaneous  beds  of  dark  green- 
stone."* Where  the  greenstone  is  in  contact  with  the  slates 
they  are  metamorphosed  into  spotted  slate. 

•  Jukes,  o/*.  cit.y  \\  2 16. 
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It  has  already  been  mentioned  that  the  peripheral  bands  are 
probably  connected  over  the  anticlinal  area  of  Bala  beds  with 
rocks  of  a  similar  composition  occuring  near  the  Carboniferous 
Limestone  in  the  south-east. 

The  most  northerly  patch  at  Glascoed  is  a  hornblende 
andesite  and  in  a  quarry  near  the  roadside  it  appears  as  great 
columns  forty  feet  long,  disposed  with  their  longer  axes  hori- 
zontal. A  larger  mass  to  the  south  several  square  miles  in  area, 
forms  the  hill  of  Mynydd-y-Bryn. 

At  Moel-ydd  the  same  rock  is  repeated  by  faulting.  The 
southern  boundaries  of  all  three  masses  are  cut  off  by  faults  which 
do  not  penetrate  the  limestone  above.  Other  post-Carboniferous 
faults,  with  an  east  and  west  trend,  have  displaced  the  southern 
patches  towards  the  east.  The  Blodwell  Hall  rock,  though 
isolated  from  the  others,  may  form  part  of  the  same  series,  but 
its  exact  relation  is  not  clear. 

There  can  be  no  doubt  that  the  peripheral  igneous  series 
extends  under  the  Carboniferous  rocks,  and  it  is  probable  that 
their  source  of  origin  lies  in  that  area,  perhaps  not  far  from 
Glascoed. 

3.    Basic    Intrusive    Series. 

The  third  series  consists  of  a  more  basic  type  of  rock.  At 
Hendre  Quarry,  about  two  and  a-half  miles  south  of  Glyn 
Ceiriog,  it  occurs  as  an  intrusive  sill,  which  can  be  followed  east 
and  west  for  several  miles  in  a  direction  parallel  to  the 
peripheral  series.  On  Cader  Berwyn  two  sills  are  seen ;  one 
runs  along  the  south  face  of  the  mountain  and  is  continued 
through  the  slates  forming  the  cirque  above  Llyn  Llyn  Caws. 
Another  runs  parallel  to  the  first,  and  forms  the  summits  of 
Cader  Berwyn  and  Moel  Sych.  Farther  to  the  north,  at 
Carnedd-y-Ci,  a  band  of  similar  rock  lies  at  the  base  of  a  rock 
which  may  be  correlated  with  the  Cwm  Clwyd  Ash.  It  is 
probable  that  this  is  only  a  repetition  of  the  same  Ash  as 
developed  at  Clochnant,  near  Llandrillo,  which  likewise  has  a 
basic  injection  at  its  base. 

While  the  rest  of  the  igneous  rocks  of  the  Berwyns  have 
never  been  adequately  described,  parts  of  the  basic  series  have 
been  the  subjects  of  papers  by  Mr.  C.  C.  Moore,  F.I.C.,"'  and 
Mr.  H.  Stanley  Jevons,t  M.A.,  F.G.S. 

Moore  confines  himself  almost  exclusively  to  the  rock  as 
exposed  at  Hendre.  He  deals  in  an  exhaustive  manner  with  the 
chemical  composition  and  physical  characters  of  the  intrusion 
and  the  adjacent  slates. 

*  "  PresUiential  Address,  Liverpool  Geological  Society,  "  1903 
t  Geot.  Ma:;.  Dec.  v,  Vol.  xi,  No.  i,  Jan.  1304. 
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The  following  uble  gives  the  results  of  the  analysis  of  ned- 
mens,  taken  at  measured  distances^  both  from  the  slates  and  the 
intrusion. 

ANALYSIS  OF  ROCKS  FROM  HBNDRE  QUARRY,  PEN-Y-BONT, 
GLYN-CEIRIOG,  N.  WALES. 

No.  I.— Unaltered  Slate,  93  ft.  above  upper  jimctioD  of  faitnuioii. 

Na  2. — ^Altered  Slate,  i  fu  above  intmaao. 

No.  3.— Altered  Slate,  2  in.  above  intniaion. 

No.  4.»Dolerite,  2  in.  below  npiper  junctioQ. 

No.  5. — Dolerite,  x  ft.  from  junction. 

No.  6. — Dolerite,  middle  of  utniaion. 

No.  7. — Dolerite,  2  ft.  above  bottom  of  intrusion. 

No.  8. — ^Altered  Slate,  2  ft.  under  bottom  of  intrusion. 

No.  9. — Unaltered  Slate,  from  below  intrusion. 
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The  water  is  all  chemically  combined.  The  carbonic  acid 
is  calculated  to  carbonate  of  lime  only  for  comparison. 

Oxygen  Ratio  i  is  calculated  on  the  silica  and  titanic  add 
and  all  the  bases.  Oxygen  Ratio  2  is  calculated  on  the  silica 
and  titanic  and  carbonic  acids  and  all  the  bases. 

All  the  analyses  have  been  calculated  to  add  up  to  100  in 
order  to  be  comparable  with  one  another. 

Percentage  of  iron  as  ferrous  refers  to  the  percentage  of 
total  iron  existing  in  the  ferrous  condition. 

It  is  demonstrated  that  towards  the  interior  the  mass  shows  a 
very  marked  increase  of  gravity,  and  at  the  same  time  it  also 
shows  an  increase  of  porosit}-.  These  changes  indicate  that  the 
centre  of  the  intrusion  has  suffered  a  shrinkage  of  3  per  cent  and 
afford  a  striking  example  of  the  importance  of  crystallisation  as  a 
factor  in   producing  volume  alteration  in  igneous  rocks.    It 
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explains  why  highly  crystalline  rocks  possess  such  appreciable 
amounts  of  porosity,  and  the  production  of  spaces  in  the  interior 
of  rock  masses  which  cannot  be  traced  to  any  outside  agency. 
The  slates  above  and  below  the  igneous  rock  have  been  altered 
to  a  distance  of  ninety-two  feet  from  each  margin.  Chemically 
they  have  undergone  very  little  change,  even  when  taken  very 
close  to  a  junction.  Physically  they  have  suffered  a  reduction 
in  volume,  well  shown  by  their  specific  gravities  and  porosities. 
Moore  estimates  that  there  has  been  a  shrinkage  of  about  six  feet 
in  the  184  ft.,  which  show  signs  of  metamorphism. 

Spotted  slates  occur  at  both  margins.  Wherever  this  series 
comes  in  contact  with  the  slates  the  same  features  are  observed 
and  in  Camedd-y-Ci  the  change  has  been  sufficient  to  produce 
crystals  of  chiastolite. 

Jevons  considers  the  rocks  about  Camedd-y-Ci  to  be  kerato- 
phyres  as  they  consist  essentially  of  albite  and  diopside.  He 
suggests  that  a  large  number  of  centres  of  eruptions  existed  at  the 
time  of  their  intrusion,  and  one  he  places  at  Blaen  Llynor,  near 
Llandrillo. 

Near  Milltir  Gerig  an  olivine  dolerite  occurs  in  Nant 
Llwj'n  Gwern  which  does  not  seem  to  correspond  with  any  of  the 
igneous  rocks  in  the  above-mentioned  series. 

GENERAL    REMARKS. 

It  is  always  easy  to  speculate  when  one's  knowledge  is 
incomplete,  and  in  discussing  the  possible  origins  and  ages  of 
the  various  igneous  beds  it  is  to  be  understood  that  I  do  not 
present  them  as  ripe  opinions,  but  rather  as  points  to  be 
observed  and  considered  by  the  members  of  the  Association 
when  they  visit  the  district. 

The  peripheral  series  and  the  central  series  are  fragmental  in 
parts.  Does  this  necessarily  mean  that  they  are  contemporaneous 
ashes  thrown  out  from  vents  and  spread  over  the  land  or  the 
floor  of  the  sea?  One  naturally  inclines  to  this  view  at  first  sight, 
since  the  different  bands  appear  to  follow  the  same  slratigraphical 
horizon.  Taking  the  Bala  Limestone  as  a  datum  line  the 
parallelism  is  certainly  very  striking.  But  the  third  series,  which 
are  undoubtedly  intrusive,  show  a  parallelism  just  as  close. 

Their  fragmental  condition  also  favours  the  opinion  that 
they  are  true  ashes,  but  here  again  we  must  keep  in  mind  that 
fragmental  rocks  may  occur  in  intrusives.  Although  Jukes 
mapped  the  peripheral  series  as  volcanic  ashes  he  seems  to  have 
had  misgivings  on  the  point  when  he  says  "  It  is  very  difficult, 
if  not  impossible,  to  distinguish  between  a  decomposed  trap  and 
an  ash,"*  and  I  have  quoted  above  observations  from  the  same 
author  that  in  the  case  of  the  "  Upper  Bala  Ash  Bed  "  it  puts  on 

•  "Geology  of  N.  Wales."  p.  216. 
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rather  the  character  of  a  compact  trap  than  an  ash  in  oeitun 
places.  Moreover,  we  have  seen  ^t  the  rocks  have  been 
subject  to  shearing,  and  Messis.  Groom  and  Lake  have  shown 
in  one  district  that  earth  stresses  have  affected  the  rocks  to  an 
extent  little  suspected. 

The  igneous  rocks  would  naturally  serve  as  resistant  bands  to 
such  movements  as  took  place  subsequent  to  their  solidification, 
and  the  planes  of  shearing  would  tend  to  run  with  them  rather  than 
against  them. 

With  true  ashes  we  should  naturally  expect  that  they  would 
exhibit  signs  of  bedding,  alternations  of  fine  and  coarse  material 
and  volcanic  bombs.  So  far  as  I  have  observed  I  have  never  seen 
any  sifting  of  the  material  into  finer  and  coarser  bands,  and 
cases  where  bedding  was  suspected  have  always  turned  out,  on 
careful  examination,  to  be  orientation  due  to  shearing. 

However,  Dr.  Groom,  in  the  discussion  which  followed  his 
paper,  cited  above,  states  that  he  has  seen  true  bedding  and  even 
false  bedding  in  the  Pandy  ashes. 

With  the  exception  of  one  bed,  the  Cwm  Clwyd  ash,  the 
peripheral  series  contain  no  fragments  which  could  not  have 
been  derived  from  the  neighbouring  rocks  and  the  beds 
themselves.  Pieces  of  a  red  rock  resembling  felsite  occur  in  this 
bed  between  Cwm  Clwyd  and  Springs  which,  so  far  as  I  know,  are 
not  found  massive  in  the  Berw>'ns.  Thus  we  see  that  while  some 
features  which  the  igneous  rocks  display  are  suggestive  of  an 
intrusive  origin  there  are  others  which  militate  against  this  view. 

Any  theory  put  forward  to  account  for  these  rocks  must  deal 
with  the  series  as  a  whole,  and  not  be  applicable  only  to  one 
limited  part  We  have  noted  that  the  igneous  rocks  do  not 
invade  the  synclinal  areas  filled  with  beds  of  Wenlock  age. 
Does  it  necessarily  follow  that  they  are  of  pre- Wenlock  date  ? 

It  is  well-known  that  there  is  a  definite  connection  between 
the  depression  of  an  area  and  igneous  intrusions.  During  folding 
there  must  be  a  relative,  compensating  upward  movement  on 
either  side  of  the  depressions,  and  a  lateral  flow  of  deep-seated, 
yielding  masses  towards  the  anticlines. 

In  the  Berwyns  all  the  igneous  rocks  run  in  lines  parallel  to 
synclines,  and  rise  with  the  strata  towards  anticlines.  If  they 
were  extrusive  either  as  lava  flows  or  as  tuffs,  we  must 
grant  a  succession  of  eruptions  beginning  in  Llandeilo  times  and 
persisting  until  the  close  of  the  Bala  period. 

The  very  slight  amount  of  thermo-metamorphism  which  the 
sedimentary  rocks  shoiv  when  in  contact  with  the  igneous,  at 
least  indicates  that  the  central  and  peripheral  series  did  not 
remain  at  a  high  temperature  for  a  lengthened  period.  But  a 
single  injection  of  comparatively  thin  beds  does  not  materially 
alter  the  surrounding  strata,  and  even  volcanic  necks  are  known 
where  the  change  is  infinitesimal. 
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Further,  a  molten  rock  coming  in  contact  with  the  cool 
margins  of  sedimentary  strata  would  be  rapidly  chilled  at  the 
edges.  The  succeeding  flow  would  tend  to  break  off  tlus 
solidified  material  as  well  as  the  rocks  above  and  below,  and 
these  would  become  incorporated  in  the  general  mass.  Row 
structure,  shown  by  lath-shaped  felspars  moulding  themselves 
round  inclusions,  occurs  in  all  the  so-called  ashes,  and  this 
character  as  well  as  their  vesicular  margins  is  quite  compatible 
with  rapid  injection. 

It  has  been  pointed  out  that  the  distribution  of  the  igneous 
bands  is  closely  associated  with  the  folding  of  the  dome,  and  if 
we  grant  that  these  have  any  genetic  connection  some  of  our 
difficulties  seem  to  be  met.  In  the  bulging  of  the  dome  there 
must  have  been  left  spaces  into  which  deep-seated  material 
could  be  injected  as  laccolitic  intrusions.  On  this  theor>'  we 
only  need  one  period  of  activity  which  harmonises  with  a  time  of 
known  earth  folding. 

In  the  meantime  we  must  wait  until  the  igneous  rocks  have 
been  subjected  to  careful  petrographical  examination  and  the 
sedimentaries  have  been  more  extensively  mapped  before  we  can 
hope  to  provide  a  final  answer. 
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ORDINARY  MEETING. 

June  i2TH,  1908. 

Prof.  W.  W.  Watts,  F.R.S.  (President),  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Charles  Binns,  Miss  L.  B.  Morris,  Miss  Alice  Elizabeth  Richards. 

On  this  occasion  the  new  Geological  Department  of 
University  College  was  thrown  open  to  the  inspection  of  the 
members,  and  Prof.  E.  J.  Garwood  gave  a  lecture  on  the 
origin  of  certain  mountain-tarns  of  the  St.  Gothard  and  else- 
where. 


ORDINARY  MEETING. 

July  3RD,  1908. 

Prof.  W.  W.  Watts,  F.R.S.  (President),  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
William  T.  Burgess,  F.C.S.,  F  I.C,  J.  C.  M.  Given,  M.D., 
M.R.C.P.,  William  Head,  Thomas  D.  Nicholson,  M.D., 
L.  Richardson,  F.R.S.E.,  F.L.S.,  F.G.S.,  Frederick  Sadler, 
Thomas  Franklin  Sibly,  D.Sc ,  F.G.S.,  Rev.  E.  C.  Spicer,  M.A., 
F.G.S.,  W.  C.  R.  Watson. 

A  paper,  descriptive  of  the  district  to  be  visited  during  the 
Long  Excursion,  was  then  read  :  **  The  Geology  of  the  Berwyn 
Hill^"  by  Joseph  Lomas,  F.G.S.  The  paper  was  illustrated  by 
diagrams  and  lantern  slides.     It  is  printed  pp.  477-500. 
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EXCURSION    TO    POTTERS    BAR. 

Saturday,  April  iith,  1908. 

Director:  William  Whitaker,  B.A.,  F.R.S.,  F.G.S. 
Excursion  Secretary:  Miss  Johnston. 

(Ripori  fy  The  Director.) 

Having  left  King*s  Cross  by  the  1.15  p.in.  train  to  Potters  Bar 
the  party,  reinforced  by  members  of  the  Hotfordshire  Natiual 
History  Society,  numbered  31. 

From  the  station  the  members  walked  along  Mutton  Lane 
across  the  Tertiary  beds  to  the  outcrop  of  the  Chalk  by  Munms 
Hall. 

At  the  brook  the  geology  of  the  district  was  described,  and 
the  course  of  the  stream  was  noticed.  This  stream  is  the  result 
of  the  drainage  of  the  impervious  London  Clay  to  the  south,  and 
becomes  a  dry  channel  when  there  has  been  no  rain  for  some 
time. 

The  water  that  flows  over  the  clay-tract  southward  of  Mimms 
Hall  sinks  into  swallow-holes  on  reaching  the  Chalk ;  but  after 
wet  weather  the  flow  gradually  increases,  the  stream  persists 
beyond  the  higher  swallow-holes,  and  at  last,  after  heavy  rainfall, 
the  flow  becomes  continuous  at  the  surface  all  along. 

The  most  marked  swallow-holes  in  the  higher  part  of  the 
stream  are  at  a  sharp  bend  about  a  third  of  a  mile  north  of 
Mimms  Hall.  This  set  was  examined,  and  the  water  was 
seen  to  be  sinking  down  in  several  places. 

A  little  to  the  north,  at  the  next  sharp  bend,  the  water 
was  pouring  down  into  a  small  hole,  and  this  was  indeed  the  only 
case  seen  of  a  swallow-hole  in  clear  and  thorough  working  order. 

Here  a  sample  of  the  water  was  taken  at  the  mouth  of  the 
hole  by  one  of  the  party,  Mr.  W.  T.  Burgess,  for  analysis,  and  he 
has  kindly  sent  the  following  report  on  it : 


Total  solid  residue 
Ammonia,  free  and  saline    . 

,,         albuminoid 
Oxygen  consumed,  4  hrs.  at  80°  F 
Nitrogen  as  Nitrates  . 
„  ,,  Nitrites    . 

Combined  chlorine 
Total  hardness    .... 
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The  water  was  turbid  and  brown.  It  was  very  impure 
compared  with  the  supply  obtainable  from  deep  chalk-wells. 
Most  chalk-supplies  give,  in  the  2-ft.  tube,  merely  the  faint  blue 
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colour  of  pure  water.  Some,  however,  which  are  faintly  but 
distinctly  yellow,  show  probably  rapid  infiltration  of  surface-water 
through  some  form  of  swallow-hole. 

In  the  colour-meter,  devised  by  Mr.  Burgess,  this  sample, 
after  the  suspended  matter  had  subsided,  had  a  colour  equal  to 
that  of  a  depth  of  loo  millimetres  of  the  standard  colour- 
solution. 

There  are  some  very  small  sink-holes  by  the  stream  just  north- 
ward, and  evidence  of  a  late  flood  that  had  spread  over  the  flat 
bottom  of  the  valley  was  given  by  the  mud  that  occurred  away 
from  where  water  then  was,  and  the  finding  in  one  of  these 
mud-deposits  of  a  fish,  all  but  dead,  but  which  recovered  on 
being  put  into  the  stream. 

Hence  to  Warren  Gate^  the  western  bank  of  the  stream- 
channel  (which  contained  little  water)  showed  interesting  sections 
of  peaty  and  clayey  earth  in  the  gravel. 

Below  this  the  channel  was  mostly  dry,  and  so  the  fine  set  of 
swallow-holes  at  Water  End  could  be  examined,  the  party  going 
down  into  many  holes,  the  sides  of  which  were  more  or  less 
coated  with  mud,  and  which  but  a  short  time  before  had  been 
under  water,  as  was  shown  by  twigs,  straw,  etc.,  left  in  the 
bushes  above  them.  Some  of  the  party  had  seen  this  flood,  and 
described  it  to  the  others. 

This  particular  tract  seems  to  have  been  altogether  appro- 
priated for  the  exhibition  of  swallow-holes,  of  which  there  are 
many  along  the  fairly  deep  and  winding  channel.  The  only 
fluid,  however,  that  could  be  seen  running  into  any  of  them  was 
of  the  nature  of  sewage,  and  this  method  of  getting  rid  of  it  did 
not  commend  itself  to  the  beholders. 

Other  swallow-holes  were  seen  close  by,  up  the  tributary 
valley  at  the  western  edge  of  Potterells  Park,  along  which  the 
party  walked  to  reach  the  traps  at  Welham  Green,  whence  they 
drove  into  Hatfield,  where  the  afternoon's  proceedings  finished 
with  tea  at  the  Salisbury  Hotel  and  a  vote  of  thanks  to  the 
Director.     Return  was  made  to  London  by  the  6.53  train. 
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EXCURSION  TO  BOXMOOR. 
Saturday,  April  25TH,  1908. 

Director :  William  Whitak^r,  B.A.,  F.R.S^  KG-S. 

ExoirsioH  Secretary :  A.  H.  Williams. 

(Riport  fy  The  Dibectoe.) 

Sir  John  Evans  had  intended  to  act  as  one  of  the  Directxus 
of  this  Excursion,  but  he  was  not  well  enough  to  be  present, 
and  it  is  with  the  greatest  regret  that  we  record  his  death  on 
May  31st 

A  party  of  twenty  assembled  at  Boxmoor  Station  eariy  in  the 
afternoon.  They  included  a  contingent  of  the  members  of  the 
Hertfordshire  Natural  History  Society. 

The  heavy  snowfall  which  had  occurred  on  the  day  of  the 
Excursion,  and  also  on  the  previous  day,  somewhat  interfered 
with  the  proceedings,  though  it  added  to  the  beauty  of  the  walk, 
except  in  the  brickfields  which  were  the  special  object  of  the 
Excursion.  Footpaths  had  to  be  avoided,  at  least  until  late 
in  the  day,  and  the  party  went  along  the  road  to  Bennett's 
End. 

Here  the  Acorn  Brickfield,  west  of  the  hamlet,  was  visited, 
and  a  curious  section  was  seen  at  one  part  of  the  pit,  a  little 
south-east  of  the  buildings.  The  loamy  basement-bed  of  the 
London  Clay,  with  two  layers  of  pebbles,  but  without  shells,  was 
seen  in  vertical  junction  with  the  clay  of  the  Reading  Beds,  grey 
just  at  first  and  then  mottled.  This  sign  of  marked  disturbaiice 
was  found  to  be  intensified  by  the  occurrence  of  Chalk  but  a  few 
feet  off,  pointing  to  the  probability  of  a  fault,  as  the  Chalk  ought 
not  to  come  within  about  30  feet  of  the  London  Clay. 

A  hope  was  expressed  that  the  Hertfordshire  Natural  History 
Society  would  keep  an  eye  (and  a  camera)  on  this  very  peculiar 
section.  It  will  be  remembered  that  a  fault  was  seen  and 
figured  many  years  ago  in  a  neighbouring  but  now  abandoned  pit 
The  greater  part  of  the  pit  is  in  the  superficial  brick-earth,  which 
here  covers  both  Chalk  and  Tertiary  beds. 

A  fine  section  of  this  brick-earth  was  seen  in  another  pit  on 
the  western  side  of  the  footpath  westward  of  the  brickyard,  which 
shows  brown  and  red  bedded  loam,  somewhat  curved  and  of 
considerable  thickness. 

The  walk  was  continued  to  the  Greenfield  brickyard  at 
Leverstock  Green,  where  many  large  blocks  of  puddingstone  have 
been  found  in  the  brickearth,  as  well  as  long  and  large  flints,  some 
of  which  had  been  placed  upright  in  part  of  the  pit,  in  which 
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again  Chalk  was  reached  in  places,  sometinies  with  a  trace  of  the 
Reading  Beds  (sand). 

Finally  the  Highfield  brickyard,  northward  of  Wood  Lane 
End,  was  visited,  where  masses  of  pebbles  occur  in  the  loam. 
This  pit  is  notable  for  the  finding  of  Qlnt  implements,  as  described 
by  Sir  John  Evans  {Quart,  Journ.  GeoL  Soc.^  voL  briv.,  pp.  3-5), 
whose  adoption  of  Mr.  Worthington  Smith's  view  that  the  bride- 
earth  is  a  deposit  of  lacustrine  origin  was  here  alluded  to. 

A  trudge  of  about  two  miles  through  the  snow  brought  the 
party  back  to  Boxmoor,  where  a  well-earned  tea  was  enjoyed  at 
the  Railway  Hotel,  and  after  a  vote  of  thanks  to  the  Director, 
proposed  by  Mr.  J.  Parkinson,  the  return  to  London  was  made 
by  the  7.35  train. 
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Saturday,  May  2ND,  1908. 

Director:   A.  L.  Leach. 

Exatrsion  Secretary :   A.  C.  Young. 

(^Riport  by  The  DIRECTOR  ) 

The  party,  in  number  about  thirty,  arrived  at  Charlton  at 
2.25  p.m.,  and  walked  to  Gilbert's  Pit  in  Hanging  Wood,  where 
in  a  fine  section  of  the  Lower  London  Tertiaries  the  structure  of 
these  beds  is  shown  very  clearly.  The  Director  briefly  indicated 
the  chief  features  of  interest  in  the  pit,  which  affords  one  of  the 
best  general  Tertiary  sections  in  the  whole  London  District. 
From  the  "bull-head"  at  the  base  of  the  Thanet  Sand  to  the 
Blackheath  pebble-beds,  the  series  is  fully  represented. 

The  Thanet  Sand,  for  which  the  pit  is  now  worked,  yields  a 
few  internal  sand-casts  of  two  species  of  P/wiadomya^  and 
specimens  recently  obtained  were  exhibited  on  this  occasion. 
The  specimens  were  perfect  but  very  fragile,  and  every  trace  of 
shelly  material  had  disappeared. 

At  the  junction  of  the  Thanet  Sand  and  the  Woolwich  Beds 
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a  thin  pebble-bed  was  seen,  and  the  method  of  working  the  pit 
makes  the  division  quite  dear.  As  only  the  Thanet  Sind  it  of 
economic  value,  the  overlying  beds  are  stripped  off,  and  a  kfd 
working  platform  is  formed  on  the  tm  of  the  Thanet  Sand.  Two 
species  of  Cyrtna  (C  eordaia  and  C.  cumd^&rwiis)  were  obtained 
.n  the  Woolwich  Clays,  and  small  crystals  of  seLoiite  were  foond 


Fig.  38.— Plan  Showing  the  Camp  in  Hanging  Wood,  Charlton,  and  the 
Present  Extent  of  the  Sand-pits. 


(Reproduced  by  permission  §/  the  Cotmcii  qf  the  Woolwich  Antiq\ 


Soeiefy.) 


in  cavities  in  the  hard  mottled  clays.  The  general  sequence  of 
the  Woolwich  Beds,  viz.,  bottom -bed  of  green  loam,  shelly 
clays,  thinly  bedded  clays  and  loams,  was  shown  to  be  present 
here. 

An  irregular  junction  was  traced  between  the  Woolwich  and 
the  Blackheath  Beds,  and  reference  was  made  to  the  variable 
position  of  the  base  of  the  Blackheath  pebble-beds  in  relation 
to  the  Woolwich  Beds.     Here  the  base-line  runs  generally  through 
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the  "thinly-bedded  loams,"  but  in  one  part  of  the  pit  the 
pebble-beds  cut  down  through  the  "shelly  clays"  into  the 
"bottom  green  loam,"  thus  recalling  the  section  opposite 
Hope  Cottage,  Plumstead,  which  was  visited  by  the  Association 
in  1906. 

The  party  now  walked  to  the  top  of  the  hill  to  examine  some 
sections  of  Woolwich  and  Blackheath  Beds  exposed  on  the  steep 
slope  above  Maryon  Park.  Here  the  Cyrena  clays  are  well 
developed,  and  the  variable  character  of  the  pebble-beds  is 
exemplified,  small  pea-gravel  passing  laterally  and  vertically  into 
beds  of  much  coarser  structure.  Some  interesting  examples 
of  "  hill-side  drift "  or  "  run  of  the  hill "  were  examined  on  the 
slope  above  the  railway. 

The  remains  of  an  ancient  camp  (see  Fig.  38)  were  noted  on 
the  hill  where  the  continued  extension  of  the  sand-pits  is  rapidly 
completing  the  destruction  of  what  was  once  an  important  earth- 
work. Some  evidence  of  its  age  is  afforded  by  the  vases  (pro- 
bably Roman)  discovered  in  the  inner  trench  in  1906,  but  the 
camp  itself  may  be  pre-Roman. 

At  4.4  p.m.  the  party  left  Charlton,  and  arrived  at  Erith  at 
4.29  p.m.  The  great  ballast-pit  (Parish's)  shows  the  same  general 
arrangement  of  Lower  London  Tertiaries,  but  red  mottled  clays 
in  the  Woolwich  Beds  are  more  pronounced  than  at  Charlton,  and 
the  section  includes  also  the  base  of  the  London  Clay.  Here 
the  full  sequence  of  the  Lower  London  Tertiaries  can  thus  be 
examined  in  one  general  section.  The  Thanet  Sand  is  almost 
unfossiliferous,  but  some  fish  vertebrae  were  obtained  by  Dr.  A.  E. 
Salter  a  few  years  ago.  The  Woolwich  Clays  also  appear  to  be 
unfossiliferous,  but  this  may  be  due  to  decalcification. 

On  ascending  a  clayey  slope  of  "  foundered  "  Woolwich  Beds  a 
patch  of  drift  was  seen  resting  in  a  hollow  of  Blackheath  Beds ; 
a  few  mammoth  teeth  have  been  obtained  here.  In  the  northern 
corner  of  the  workings  a  remnant  of  the  pebbly  basement  bed  of 
the  London  Clay  was  seen  overlain  by  a  few  feet  of  weathered 
brown  clay,  but  the  section  was  not  so  good  as  on  the  occasion  of 
the  visit  (September  28th,  1907)  of  some  of  the  delegates  to  the 
Centenary  of  the  Geological  Society,  when  the  succession  was 
quite  clear. 

In  a  new  cutting  in  this  part  of  the  pit  a  pebble-bed,  probably 
the  Basement-bed  of  the  London  Clay,  was  seen  dipping  at  a 
high  angle  and  becoming  involved  with  Blackheath  Beds.  The 
Director  considered  this  to  be  due  to  landslips,  and  referred  to 
the  section*  (seen  by  Mr.  Whitaker  many  years  ago)  which 
showed  Pleistocene  drift  underlying  Eocenes. 

After  tea  at  the  Prince  of  Wales  Hotel,  Erith,  the  Director 
was  thanked  for  his  services,  and  the  party  returned  to  London 
by  the  7.4  p.m.  train. 

*  "  Geology  of  London/'  J/«m.  G«o/.  Siffv.,  vol.  i,  p.  141. 
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EXCURSION  TO  SAVERNAKE  AND  BEDWYN. 

Saturday,  May  i6tH|  1908.      , 

Directors :  H.  J.  Osborne  White,  F.G.S.,  and  Llewellyn 
Treacher,  F.G.S. 

Excursion  Secretary :  George  W.  Young. 

^Report  by  H.  J.  OSBORNS  WhITC) 

The  London  party  reached  Savemake  shortly  after  ii.o  a.m., 
and  were  joined  at  the  station  by  a  few  of  the  Association's  Wilt- 
shire members  and  friends,  who  brought  the  number  up  to 
seventeen. 

The  Great  Western  Railway's  station  and  goods-yard  at 
Savernake  are  situated  in  a  wide  cutting,  which  shows,  on  its 
northern  side,  a  long  and  clear  section,  about  20  ft.  in  depth,  of 
light  grey-green  glauconitic  sand,  containing  bands  of  rough 
calcareous  concretions,  and  belonging  to  the  highest  part  of  the 
Selbornian  Series. 

When  the  cutting  was  being  widened,  in  1504,  many  fine 
siliceous  sponges,  of  the  species  occurring  in  the  well-known 
Warminster  Greensand,  were  to  be  obtained,  but  since  the  sand 
has  been  cut  back  to  an  even  face  these  and  other  fossils  are  less 
easily  found.  The  few  forms  observed  on  the  present  occasion 
included :  a  large  Nautilus  (probably  N,  expansus)^  Cidaris  sp., 
Catopygus  columbarius,  Discoidta  subuculus^,  Pachypoterian 
(fragments,  probably  P,  robustutn  and  P,  compactum\  and  numer- 
ous examples  of  a  branching  object,  like  the  "  Spofigia paradaxica  " 
of  the  Lower  Chalk  of  Hunstanton. 

leaving  the  station,  the  party  walked  northward  up  the  Chalk 
escarpment  to  Durley,  noticing  on  the  way  a  shallow  cutting  in 
the  Lower  Chalk,  on  the  Midland  and  South-Western  Junction 
Railway,  which  here  runs  parallel  to  the  Great  Western  line.  Mr. 
W.  H.  Bell,  who  was  present,  suggested  that  the  northern  limb  of 
the  Pewsey  anticline  is  broken  at  this  spot  by  a  strike-fault,  run- 
ning between  the  two  railways. 
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Higher  up  the  slope  a  good  view  over  the  Vale  of  Pewsey 
was  obtained,  the  prospect  taking  in  the  Inkpen  range,  on  the 
east  and  south-east,  and  Etchilhampton  Hill,  near  Devizes,  on 
the  west.  The  form  of  the  east-and-west  ridge  or  swell  of  the 
Upper  Greensand,  where  it  arches  over  the  anticline  along  the 
axis  of  the  vale,  could  be  clearly  seen  from  this  point  These 
and  other  features  of  the  landscape  having  been  noticed,  there 
followed  a  rather  lengthy  and  inconclusive  discussion  on  the 
mode  of  formation  of  the  dry  valleys  which  furrow  the  dip-slopes 
of  the  Chalk  on  either  side  of  Pewsey  Vale. 

In  brief,  Mr.  G.  VV.  Young  contended  that  such  combes  were 
due  chiefly  to  differential  solution  ;  that  their  channels  had  been 
roughly  marked  out  on  a  cover  of  Clay-with-flints,  or  some  other 
impermeable  bed,  and  subsequently  opened  to  their  present 
depth  and  width  by  the  corrosive  action  of  the  rain-water  con- 
centrated in  them.  This  view  was  opposed  by  the  Directors, 
Mr.  Treacher  pointing  out  that  it  was  not  in  accord  with  the 
observed  character  and  distribution  of  the  drift  in  certain  of  these 
valleys,  while  Mr.  White  expressed  his  disbelief  in  the  ability  of 
solution  so  frequently  to  reproduce,  in  a  limestone,  a  definite 
group  of  "  destructional "  phenomena  closely  resembling  that  to 
which  the  combined  action  of  stream-erosion  and  soil-creep  gave 
rise  in  other  sorts  of  rock.  The  latter  speaker  was  of  opinion 
that  the  chalk  combes  in  this  part  of  the  country  were  mainly  of 
mechanical  origin,  and  that  there  was  good  evidence  of  this  in 
the  details  of  their  form. 

Passing  over  the  crest  of  the  escarpment,  the  party  walked 
across  Tottenham  Park  to  an  almost  overgrown  chalk-pit  about 
one-third  of  a  mile  north  of  Durley  Gate.  Here  Mr.  Treacher 
had  previously  obtained  Uintacrinus  and  Actinocamax  verus^  and 
on  the  present  occasion  plates  of  the  former  fossil  were  found 
without  difficulty. 

Thence,  a  pleasant  walk  of  about  three  miles,  in  a  generally 
northward  direction,  brought  the  members  to  the  gravel  pit  at 
Knowle  Farm.  This  excavation,  which  is  situated  on  the 
southern  slope  of  the  Froxfield  Valley,  and  close  to  the  main 
road  from  London  to  Bath,  is  being  cut  back  into  the  rising 
ground,  and  the  gravel  exposed  in  the  main  working-face  has 
lately  begun  to  show  signs  of  stratification. 

In  anticipation  of  the  Association's  visit  the  workmen  had 
collected  upwards  of  a  score  of  flint  implements,  including  roughs 
edge-chipped  Eolithic  forms,  and  others  which  looked  like  poor 
copies  of  Acheulian  types.  A  few  of  the  tools  showed  patches 
of  the  well-known  glaze,  and  these,  and  some  good  examples  of 
glazed  unworked  fiina,  were  quickly  bought  up. 

At  the  request  of  the  Ijirectors,  Mr  S.  B.  Dixon,  who 
discovered  the  im piemen tiferous  character  of  the  Knowle  gravel 
some  years  ago,  kindly  gave  the  party  an  account  of  the  deposit. 
Prog.  Geou  Asaoc^  Vol.  XX,  PAanr  7,  \y:A.\  |6 
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and  of  his  views  with  r^ard  to  its  fonnation.  In  the  oomae  of 
his  address  Mr.  Dixon  stated  that  the  unpleinait-bearin|(  gravd 
was  from  8  to  lo  ft.  thick,  and  rested  upon  a  mudi  disturbed 
(piped)  surface  of  the  Upper  Chalk.  The  tools  first  discoveied 
were  lying  together  near  the  sur&ce  and  in  great  numbei% 
between  2,000  and  3,000  having  been  obtuned  from  a  oom- 
paratively  narrow  space.  They  varied  in  size  from  x  to  6  in., 
and  were  of  many  types— some  lance-shaped,  some  ovoid,  and 
with  the  better-worked  implements  there  were  rough  drills  and 
scrapers.  With  very  rare  exceptions,  all  the  implements  were  of 
flint,  but  one  or  two  of  Greensand  Chert  had  been  found.  These 
must  have  been  brought  from  a  distance,  as  the  particular  sort 
of  chert  of  which  they  were  made  did  not  occur  locally.  They 
were  much  like  the  chert  palaeoliths  found  at  Axlmdge^  in 
Devonshire. 

The  Knowle  implements — continued  Mr.  Dixon — occoned 
both  in  a  perfectly  fresh  and  in  a  rolled  and  waterwom  condition. 
In  the  lower  parts  of  the^  deposit,  now  being  worked,  Aey  were 
much  less  numerous  than  in  the  upper  parts,  and  geneimUy  of 
ruder  types.  The  deposit  itself  was  situated  at  the  junction  of 
three  valleys,  and  he  believed  it  to  have  been  formed  by  the 
streams  which  cut  out  these  valleys  during  the  warmer  intervals 
of  the  Glacial  Period.  The  abundance  of  palaeoliths  marked 
Knowle  as  the  site  of  an  early  settlement,  but  although  a  good 
deal  of  the  gravel  had  been  carefully  sifted,  no  mammalian  bones 
or  other  remains  of  a  contemporary  fauna  had  yet  been 
discovered. 

At  the  conclusion  of  his  remarks  Mr.  Dixon  exhibited  a 
number  of  local  implements,  some  finely  glazed.  The  Rev.  H. 
G.  O.  Kendall,  of  Winterbourne  Basset,  also  showed  a  small 
collection  illustrating  the  extraordinary  mixture  of  Palaeolithic 
types  which  the  Knowle  tools  display,  and,  thanks  to  Mr.  J. 
Cross,  the  members  of  the  party  were  able  to  compare  these  with 
some  implements  from  Swanscombe,  in  Kent. 

Quitting  this  interesting  spot  with  reluctance,  the  party 
resumed  their  walk,  south-eastwards,  by  Upper  Horsehall  Hill  to 
Chisbury  Lane,  stopping  on  the  way  to  glance  at  pits  in  the 
M,  cor-anguinum  and  Uintacrinus  Chalks  and  in  a  pebbly  Valley 
Gravel. 

In  another  small  chalk-pit,  half-a-mile  south  of  Chisbury  Lane 
Farm,  a  detachment  of  the  party  collected,  in  a  few  minutes,  the 
following  fossils : 

Inoceramus  aivieri  Echinocorys  scutatus 

Ostrea  vesicularis  Marsupites  testudinarius 

Spondylus  diitempleanus  Porosphara  globularis 
Proboscina  radioliiortim  „  nucifortnis 

Bourgueiicrinus  „  piUolus 
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The  next  objects  of  interest  were  the  British  camp  of  Chisbury, 
and  some  pits  in  the  high-level  flint-and-sarsen  gravel  which  caps 
the  summit  of  Chisbury  Hill.  In  the  upper  pan  of  the  lane  which 
follows  an  ancient  eaith-work  (named  '*  Warns  Dike,"  on  the 
Ordnance  Map)  down  the  south-eastern  side  of  the  hill  some 
small  exposures  of  interbedded  red-brown  sand  and  grey  clay,  of 
Lower  Bagshot  age,  were  noticed,  and  the  disturbed  junction  of 
Reading  Beds  with  the  Chalk  could  just  be  made  out  lower  down 
the  slope.  Lumps  of  the  hardened  chalk  ("Bedwyn  stone") 
which  occurs  at,  or  immediately  below,  the  base  of  the  Reading 
Beds  in  this  neighbourhood,  were  seen  in  the  banks  of  the  lane, 
and  fragments  of  Marsufitts^  EMnocarys^  and  other  fossils  were 
readily  found  in  rubble  associated  with  them. 

Ha\ing  admired  the  view  over  the  Brails,  and  listened  to  a 
short  history  of  the  borough  of  Great  Bedw\-n.  by  Mr.  Treacher, 
the  part>*  descended  into  the  village  for  tea  at  the  "  Cross  Keys." 
Here,  on  the  proposal  of  Mr.  G.  W.  Young,  the  Directors  were 
thanked  for  their  services,  and  the  Excursion  terminated  at 
Bedwyn  Station  shortly  after  six  o'clock. 
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EXCURSION  TO  PENSHURST   AND   THE  MEDWAY 

VALLEY. 

Saturday,  Hay  soTHt  1908. 

Director:  E.  W.  Hawdcock,  RSCi,  F.G.S. 
Excursion  SecrUary  •-  A.  C  Young. 

{Rip9rt  fy  The  Dirictor.) 

The  London  party  reached  Penshurst  Station  at  2.S6,  and  were 
joined  a  couple  of  minutes  later  by  the  Director,  with  a  further 
contingent  who  had  forgathered  at  Tonbridge^  bringing  die 
number  up  to  forty. 

A  move  was  at  once  made  to  an  exposure  of  TimbridgeWdb 
Sand  at  Moorden  Farm  (quarter  mile  from  the  imihnty  station). 
Here  the  Director  pointed  out  that,  as  the  AssodatioD  had 
visited,  during  the  excursion  season  of  1907,  sectioiis  of  Wad- 
hurst  Clay,  Weald  Clay,  and  Ashdown  Sand,  he  had  anaiqted  the 
day's  programme  with  the  view  of  completing  the  sequenoe  of 
the  Wealden  Beds,  and  proposed  showing  the  party  four  typical 
sections  of  Tunbridge  Wells  Sand,  two  of  which  belonged  to  the 
Upper  Beds  immediately  underlying  the  Weald  Clay,  and  two  to 
the  lower  portion. 

The  sections  of  Tunbridge  Wells  Sand  to  be  visited  would 
not  be  of  great  interest  to  fossil  collectors,  but  they  showed  some 
interesting  structures  in  the  shape  of  "  honey-comb  "  weathering, 
and  peculiarly  well-developed  jointing.  The  hard  rocky  nature 
of  the  Upper  Beds  also  formed  a  picturesque  feature  of  the 
landscape,  as  would  be  seen  later  in  the  grounds  of  Redleaf, 
where  the  rock  exposures  resembled  those  on  Tunbridge  Wells 
Common. 

Proceeding,  by  kind  permission  of  Mrs.  F.  E.  Hills,  to  the 
private  grounds  of  Redleaf,  the  rocks  before  mentioned,  with 
their  characteristic  features,  were  examined,  and,  under  the 
courteous  guidance  of  Mr.  G.  Ringham,  the  head  gardener, 
portions  of  the  gardens,  including  many  excellent  specimens  of 
ornamental  trees,  and  exquisite  masses  of  azaleas  in  full  bloom, 
were  inspected.  On  leaving  Redleaf,  the  President,  on  behalf 
of  the  parly,  heartily  thanked  Mr.  Ringham  for  the  enjoyment 
the  latter  had  afforded  them. 

The  Director  now  led  the  way  to  an  elevated  spot  in 
Penshurst  Park,  where  another  section  of  Tunbridge  Wells  Sand 
was  found,  and  a  view  obtained  of  the  park  and  Penshurst  Place 
and  Church,  about  half-a-mile  distant. 

Mr.  Handcock,  deviating  from  Geological  matters  for  the 
moment,  gave  a  few  details  of  the  histor>'  of  Penshurst,  associated 
as  it  is  with  the   names  of  Philip  and  Algernon  Sidney  and 
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William  Penn,  and  whose  praises  have  been  sung  by  Spenser, 
Ben  Jonson,  and  Waller. 

With  regard  to  the  occurrence  of  Grinstead  Clay  in  this  area, 
the  Director  ventured  the  suggestion  that  the  exposure  noticed 
by  Drew  and  mentioned  by  Topley  in  his  Memoir  on  the 
Weald  was  really  an  outlier  of  the  Weald  Clay.  Such  an 
outlier  occurs,  and  is  mapped,  in  the  grounds  of  Redleaf,  and  this 
probably  extends  farther  east  than  is  shown  on  the  map.  A 
digging  for  a  water  main  in  the  summer  of  1907  was  made 
through  this  clay,  and  specimens  of  clay  obtained  by  the 
Director  match,  in  every  particular  (especially  in  colouring), 
another  set  of  specimens  obtained  near  Tunbridge  Wells,  where 
a  trench  14  ft.  deep  was  dug  through  an  outlier  of  undoubted 
Weald  Clay. 

A  significant  fact  mentioned  by  Drew  is  that  this  clay  overlies 
white  sand  rock,  which  is  always  the  character  of  the  Upper 
Tunbridge  Wells  Sand  in  this  area. 

Passing  through  the  northern  boundary  of  Penshurst  Park 
another  section  of  Tunbridge  Wells  Sand  (lower  beds)  was  seen 
at  Paul's  Hill,  near  Leigh,  after  which  the  party  descended  to 
the  River  Medway  at  Ensfield  Bridge,  close  to  the  site  of  the 
Penshurst  coal-boring.  Some  of  the  cores,  of  varying  diameter, 
were  exhibited,  the  deepest  (and  smallest)  consisting  of  Kimeridge 
Clay  which  was  reached  at  a  depth  of  about  1,500  ft  After 
passing  through  about  350  ft.  of  that  formation  the  boring  was 
abandoned. 

A  gravel  section  about  100  yards  from  the  bridge  was  next 
examined,  and  about  a  mile  farther  down  the  valley  another 
section  of  gravel  resting  on  Wadhurst  Clay  proved  of  interest 

Specimens  of  all  these  gravels,  as  well  as  the  Starve  Crow 
gravel  (visited  by  the  Association  in  April,  1907)  and  the  Hevcr 
Lodge  gravels  of  the  River  Eden,  were  placed  in  view  by  the 
Director  at  Sir  Andrew  Judd's  Commercial  School,  whither  the 
party  adjourned  for  tea. 

After  tea  the  President,  speaking  on  behalf  of  the  Association, 
thanked  the  Director  for  his  services,  and  the  Headmaster  of  the 
School  for  placing  the  rooms  at  their  disp<^>.sal. 

The  London  members  left  Tonbridgc  by  the  7.25  train. 
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EXCURSION   TO   THE   MID   AND  SOUTH  COTTES- 
WOLDS  AND  TO  THE  TORTWORTH  AREA. 

June  sth  to  9TH  (WHirsuimxnX  190S. 

Direciars :  L.  Richardson,  F.R.S.E^  FX.S.,  F.G.S.,  and 
Prof.  S.  H.  RsynoldSi  M.A^  F.G.S. 

Excursion  Secrtiapy:  Dr.  C  G.  Cvlus. 

(fitp^tkyTOK,  DlRKTOBS.) 

Pajjlt  I.  bt  L.  Richardsok. 

The  official  party  left  Faddington  on  Tune  sdi.  at  &io  piiik,  and 
arrived  at  Stroud  at  8.28  p.m.,  the  headquaiten  bemg  at  the 
Imperial  Hotel,  Stroud. 

On  Saturday,  June  6th,  the  members  left  Stroud  bj  die  S4S 
a.m.  train,  arriving  in  Chdtenham  at  9.56  a.nL,  iriwra  UMgrnere 
met  by  Mr.  Richardson.  From  the  statkm  tfacf  draie  to  the 
Battledown  Brick  Works  (Messn.  Webb  Bro8.'X 

Entering  by  the  Hales  Road  gate  the  "sand-pit*  was  first 
studied.  It  shows  about  16  ft  of  yellow  quartzose  sand  resting 
upon  blue  clays  of  Valdani  hemera.  The  sand  forms  part  fA  the 
bed  upon  which  the  greater  portion  of  Cheltenham  is  buOt,  and 
which  attains  a  thickness  of  anything  up  to  50  ft  HiUwaids  it 
passes  into  the  gravel  of  Inferior  Oolite  and  Upper  Lias  lime- 
stones, and  valewards — in  the  direction  of  the  Severn — into  the 
so-called  Northern  Drift. 

Passing  through  the  works  and  under  Hayward's  Road,  the 
large  pit  was  entered.  Its  size  and  depth  elicited  comment,  and 
not  without  reason,  for  its  maximum  length  is  about  220  yards, 
its  greatest  breadth  75,  and  its  depth,  in  the  deepest  place, 
70  ft.  The  deposits  have  a  south-easterly  inclination,  and  are ' 
principally  clays  of  Valdani  and  striati  hemerse.  The  upper  part 
of  the  S/ria/um-Beds  contains  many  nodules  of  yellowish  lime- 
stone and  ferruginous  concretions,  the  latter  consisting  of 
numerous  concentric  layers  grouped  around  a  mud  pellet  or  fossil 
for  a  nucleus.  The  deposit  in  which  these  nodules  occur  was 
called  the  "Yellow  Lias"  by  the  earlier  geologists,  and  has 
yielded,  and  still  does  provide,  a  rich  and  well  preserved  assem- 
blage of  fossils. 

Above  the  S/ria /urn-Beds,  at  the  extreme  eastern  end  of  the 
pit,  is  seen  the  very  base  of  the  Capricornus-B^dSy  somewhat 
sandy  beds  with  Plicatula  spinosa.  In  the  hillside  above  the  pit 
the  impure  limestones  of  the  Capricornus-BedSy  which  were 
exposed  when  the  Battledown  reservoir  was  made,  must  crop 
out ;  while  the  increasingly  sandy  condition  of  the  succeeding 
deposits,  those  of  algoviani  hemera  (or  the  Lower  Margaritaius- 
Beds  of  Quenstedt)  is  evidenced  by  the  growth  of  gorse  bushes. 


EXCURSION   TO   THE   MID   AND   SOUTH   COTTESWOLDS.      515 

Battledown  Hill  is  capped  with  the  Marlstone,  but  it  is  now 
nowhere  exposed. 

From  Webbs'  pit  the  drive  was  continued  to  the  foot  of 
Leckhampton  Hill.  Before  commencing  the  climb,  Pilley  or 
Pilford  Pit  was  pointed  out.  It  is  now  closed  down,  but  the 
Capricomus-BQd%  were  formerly  well  exposed  there  and  richly 
fossiliferous.     The  very  base  of  these  beds  was  pointed  out  at 


Fig.  39. — Leckhampton  Hill  Quarry. 

(Photo  by  Prof.  S.  IT,  Reynold f.) 

Reproducid  from  *'  A  Handbook  to  the  Gtology  of  Chellenham." 

Webbs'  pit,  so  that  Pilford  continues  the  upward  sequence.  The 
sandy  beds  of  algoviani  hemera  are  not  exposed  anywhere  on  the 
slopes  of  Leckhampton  Hill ;  the  best  places  to  see  them  are  at 
Robin's  Wood  Hill  and  Stonehouse,  at  both  of  which  places  the 
Capricornu5'V»^^%  are  seen  below.  Neither  is  the  Marlstone 
exposed  at  Leckhampton  Hill,  but  the  platform  to  which  it  gives 
rise  is  noticeable,  and  forms  the  site  for  Hill  House  (see  Plate 
XXVIII,  Fig.  I). 
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Before  commencing  the  climb  up  the  steep  path  alongside  the 
quarry  tram-line  to  the  "  middle  jenny,"  the  Director  stated 
that  they  stood,  roughly  speaking,  on  the  Marlstone  of  the 
Middle  Lias,  and  that  when  they  arrived  at  the  "  middle  jenny" 
in  the  large  quarry  (Fig.  39)  they  would  be  on  about  the 
horizon  of  the  Lower  Limestone.  In  other  words,  they  would 
have  passed  over  the  whole  of  the  Upper  Lias.  At  Leckhanopton 
Hill  the  Upper  Lias  is  about  230  ft.  thick,  and  almost  wholly 
clay.  The  top  portion  is  somewhat  arenaceous  and  very 
micaceous,  and  only  at  the  very  top  here  and  there  along  this  hill- 
side is  there  a  thin  sand  deposit  lithically  comparable  with  the 
Cotteswold  Sands.  At  Stinchcombe  Hill,  near  Dursley,  however, 
while  the  Upper  Lias  is  about  270  ft  thick,  230  ft.  of  it  is  sand— 
the  Cotteswold  Sands.  At  Bredon  Hill  to  the  north  it  is  known 
that  there  is  clay  of  the  same  date  as  portions  of  the  Sands 
and  Cephalopod  Bed  of  more  southern  sections,  so  that  it  is  quite 
possible  that  some  portion  of  the  Upper  Lias  clay  at  Leckhanopton 
Hill  is  equivalent  to  some  portion  of  the  Cotteswold  Sands  at 
such  places  as  Stinchcombe  Hill. 

Before  studying  the  beds  exposed  in  Leckhampton  Hill  a 
rdsum^  was  given  of  what  is  known  concerning  the  Inferior 
Oolite  rocks  of  the  Cotteswold  Hills  between  this  hill  and 
Wotton-under-Edge,  in  so  far  as  it  concerned  the  day's  work. 

In  all  some  twenty-seven  sub-divisions  have  been  made  of 
the  Inferior  Oolite  of  the  West  of  England.  From  the  Cotteswold 
Hills,  in  the  maximum  development,  deposits  of  two  hemeraeare 
absent,  namely,  of  Biagdem  and  niortensis.  That  reduces  the 
sub-divisions  recognisable  in  the  Cotteswolds  to  twenty-five.  In 
these  hills,  between  the  Upper  Lias  and  a  bed  called  the  "  Upper 
Trigonia-i^rsx^^  come  nineteen  of  these,  but  not  a  single  one  of 
them  is  co-extensive  with  the  hills. 

Starting  at  the  bottom,  the  AaUnsis-^^^s  are  best  developed 
in  the  neighbourhood  of  Pen  Wood,  south  of  Stroud ;  the 
Opaitni/orme-^itds  range  certainly  from  Haresfield  to  Old 
Sodbury ;  and  the  Scissum-Btds  spread  over  the  whole  of  the 
Inferior  Oolite  tract,  except  for  a  space  contiguous  to  the 
Moreton  Valley,  where  they  are  overstepped  by  the  Lower  Lime- 
stone ;  and  south  of  Sodbury,  where  their  outcrop  is  traversed  by 
the  Upper  Trigonia-Ciui.  The  top  portion  of  the  Lower  Lime- 
stone of  the  Stroud  district  may  be  equivalent  to  the  upper 
portion  of  the  lower  half  of  the  Pea  Grit  of  the  Cheltenham 
district.  At  Leckhampton  Hill  the  top  portion  of  the  Pea  Grit  is 
rubbly  and  its  equivalent  seems  to  be  the  Pea  Grit  of  Selsley  Hill, 
which  there  rests  upon  a  somewhat  eroded  surface  of  the  under- 
lying Lower  Limestone.  South  of  Selsley  Hill,  at  Frocester  Hill 
and  Coaley  Wood,  a  thin  bed,  a  few  inches  thick,  is  all  that 
represents  the  Pea  Grit,  and  even  that  cannot  be  definitely  located 
in  the  Wotton-under-Edge  area,  where  it  is  best  to  speak  of  the 
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ireesloaes  as  szsx^y  i=e  -Fr«ejc?c»  Beds."'  la  tbe  Xofth 
Cotteswold.  hcwwK.  ±se  Pea  on  s  r«r«se:iaed  br  :be  -  Ydlow 
Beds '  or  *- Gcfrqc  SCO*' 

Abov>e  the  Pei  Gric.  wrer*  h  is  "v^si.  Oi^^icoid.  is  a  Cctal  Bed 
— the  **  Focrth  Cccx  Bed  ^ — *riich  is  ri^zh  in  njjrxw^antsaas. 

The  Lover  Fraescoce  has  ibcci  rie  SKSDe  ^!ec:c:aQi&ical  extent 
as  the  SdssMm-B&fs.  a=»f  s  besc  sees  2Z  LeckhisipcoR  HxIL  vheie 
the  coarser  Lover  poctiac  vas  cxied  riie  •"  Roestone ""  by  the 
•earlier  geologists.  Tbe  Oocre  Marl  is  essendilly  a  Coctesvokiian 
deposit,  bet  it  is  ccore  clayey  in  socce  pLices  rum  in  ocheiSw  At 
Leckhampcon  HHI  ::  is  s&xe  -  reeky"  thm  us;ulL  Its  geo- 
.graphical  extent  is  noc  so  z^eat  as  rhar  oc  ±e  underlying  Freestone, 
probably  owing  to  a  sligh:  feimrir^z  oc  the  rocks  in  driy  ^rm^mi- 
-emsis  times.  At  Wagborocsh  Bush  a  horlron  tha:  is  high  up  in 
the  equivalent  to  the  Upper  Freestone  at  the  Frith  Quarry  rests 
<lirectly  upon  the  Lower  Freesccne.*  At  CIeev«  and  Leek- 
hampton  Hills,  of  cocrse,  it  is  well  developed  :  but  at  Birdlip  it 
<2mnot  be  very  definitely  located.  South  of  the  Birdlip  antidine^ 
however,  in  Cranbam  Woods,  i:  comes  in  ag?dn  :  at  the  Frith 
Quarry  it  is  difficult  to  separate  from  die  Upper  Freestone  ;  but 
4it  Selsley  Hill  there  are  limestones  wiih  marly  partings  on  its 
horizon,  and  above  beds  referable  to  the  Upper  Freestone  By 
Frocester  Hill  it  is  gone,  having  been  removed  probably  during 
the  Bajocian  Denudation. 

About  the  close  of  the  hemera  hradjordensis  crust-pressures 
were  renewed,  resulting  in  flexuring  along  the  old  lines  of  weak- 
ness. When  the  succeeding  Ragstone  Beds  came  to  be  deposited, 
the  earliest  of  them  had  a  certain  geographical  extent,  not  reach- 
ing south  of  Leckhampton  Hill  in  the  Cotteswold  pronnce.  The 
Lower  Trigonia-Qni  had  a  wider  range,  its  lop  portion  o\"erspread 
the  Birdlip  anticline,  and  most  of  the  succeeding  beds  did  so  too. 
Then,  however,  occurred  the  Bajocian  flexuring  and  denudation  ; 
the  deposited  rocks  were  thrown  into  anticlinal  and  synclinal 
flexures — the  rocks  in  the  synclines  being  preser>-ed,  according  to 
the  amount  of  their  depression,  and  those  on  the  anticlines 
removed,  according  to  the  amount  of  their  ele\'ation.  The 
two  main  anticlinal  axes  were  along  the  line  of  the  Moreton  Valley 
^nd  Mendip  Hills,  meeting  at  right  angles  somewhere  in  the  neigh- 
bourhood of  the  Marlborough  Downs.  A  synclinal  axis  radiated 
4tlong  the  line  of  Cleeve  Hill :  there  was  an  anticlinal  axis  at 
Birdlip ;  a  synclinal  one  near  Painswick ;  but  thence  south- 
wards, right  away  to  the  Mendip  Hills,  was  the  limb  of  an  anti- 
•clinal  flexure,  with  possibly  a  slight  anticlinal  roll  in  the  neighbour- 
hood of  Dursley. 

The  Ragstone  Beds  between  the  Freestones  and  the  Upper 
Trigonia-Grit  have  been  called  the  "  Intervening  Beds."  At 
Leckhampton   Hill   they  are,   in  ascending    order,  the   Lower 

*  See  Prac,  Gtol.  Assoc,  vol.  XTiii,  Pt.  8  (1904),  p.  404. 
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Trij^ma-Gnt,  BuckmantQnt,  Giyphite  Grit,  and  Ndgroie 
Freestone.  These  were  investigated  by  the  memben^  and  the 
great  number  of  annelid  bdrir^  in  the  top  portioo  of  die 
Notgrove  Freestone  in  the  quarriei  on  the  smnmit  of  the  hill 
caused  general  suiprise.  Above  the  Notgrove  Breirtonc  vnt 
seen  the  Upper  TrigoHiaXintJ^ ^     '^ 

Alter  an  inspection  of  the  Firs-Brake  section,  wha«  the 
much  disturbed  bottom-beds  of  the  Inferior  Oolite  are  ^ecD 
above  the  Upper  Lias  days^  tiie  members  rejoined  the  brak«< 
making  the  next  stop  at  the  quarry  on  the  east  side  of  the  road 
just  beyond  the  "  Air  Balloon  "  I  iin, t  H  ere  liie  top  portion  of  the 
Freestone  series  and  certain  portions  of  the  Lower  Tri^nia- 
and  Buckmani'Gn\%  were  seen,  and  it  was  staled  that  on  the 
evidence  of  the  classic  "  Tuffley's  Quarry ''  section,  on  the  other 
side  of  the  road,  it  was  known  that  the  succeeding  deposit  was 
the  Upper  Trigonia-Gnt.  go  the  Notgrove  J*>eestone  ai^sd 
Gryphite  Grit  have  gone.  Farth  er  a  I  on  g  t  h  e  road  i  n  t  h  e  di  rection  ot 
Birdlip,  at  the  Cuckoo  Pen  Qoarryj  the  Upper  and  Lower  Tngmia- 
Grits  are  in  apposition.    The  Bftrkfrnuii-Om  has  disappear^. 

Leaving  the  quarry  near  the  "  Air  BaOoon  **  the  road  crosses 
the  head  of  a  small  combe.  The  hard  topbed  of  the  Bmkmam- 
Grit  can  be  followed  from  Tuffley's  Quarry  along  the  upper 
southern  portion  of  this  combe.  Then  comes  a  fault,  for  the 
C^/«/^-Grit,  which  succeeds  the  Upper  Trigonia-GnX^  is  seen  in 
some  old  workings  on  the  waste  ground  to  be  on  a  level  with  the 
Pea  Grit  Coral  Bed.  The  effects  of  the  fault  are  perhaps  best 
seen  on  the  east  side  of  the  road,  for  the  Fullers*  Earth,  which 
throws  off  water  at  the  head  of  the  little  combe,  is  below  the 
level  of  the  freestone  exposed  in  the  extensive,  although  now 
abandoned,  quarries. 

From  the  top  of  the  rise  there  is  a  good  view  of  the  quarried 
face  of  Crickley  Hill,  in  which  the  Pea  Grit,  with  its  overijong 
Coral  Bed,  is  so  admirably  exposed  (Fig.  40). 

After  lunch  at  the  "  George  '*  Hotel,  Birdlip,  J  at  a  p.m.,  the 
sections  in  the  grounds  of  the  hotel,  and  of  **The  Knap*?  (by 
kind  permission  of  the  late  Mr.  A.  S.  Helps)  were  visited.§ 

The  first  section  examined  was  that  on  the  hill-side  nearest 
the  hotel.  It  shows  the  succession  downwards  from  the 
CiypeuS'Gxxi  to  the  Lower  Freestone,  and  special  stress  was  laid 
upon  the  fact  that  the  Upper  Trigonia-Gnl  here  rests  directly 
upon  the  Freestone  without  any  intervening  Lower  TrigimiarGvX 
or  other  sub-division  of  the  "  Intervening  Beds,"  and  that  there  is 
also  a  non-sequence  between  the  Upper  Trigonia-Gxii  and  Clypeus- 
Grit,  the  Dundry  Freestone  and  Upper  Coral  Bed  being  absent 

*  For  a  detailed  description  of  the  LeckhaniptOD  Hill  Section  Me  Proc,  Cottnvcld 

Nat.  F.  C,  vol.  XV,  Dart  3  (1906),  pp.  182-189. 


Nat.  /<.  C,  vol.  XV,  Dart  3  (X906),  pp.  182-189. 

f  Quart.  Jouru.  Uiol.  Soc,  vol.  lix  (1903),  p.  384. 

i  It  was  at  the  "  Black  Horse," opposite  toe"  Georee**  t 
was  founded  in  1846,  and  held  its  juollee  meeting  in  1896. 


*  Hotel,  that  the  Cottetwold  Chib- 
§  See  also  Proc.  Cotteswold  Nat,  F.  C,  vol.  viii,  part  a  (for  1883-&4),  pp.  x6i  •<  sfff . 
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The  laige  quarry  in  the  Fireestone  was  nol  explored ;  itntead 
the  memben  proceeded  to  Mr  Hdpini  gudenu  On  the  way  to 
*'  the  cave"  the  Pea  Grit  Owal  Bed  was  pointed  oat,  and  die 
underlyingi  and  formeriy  eztensivdy  woiiEed,  Pea  Grit,  die  top 
portion,  as  usual,  being  rubUy. 

The  dip  being  in  a  south-easteriy  direction  older  beds  woe 
successively  traversed  as  the  members  proceeded  in  the  direction 
of  "The  Peak,"  and  the  massive  .SakiMss-Beds  eventually  came 
into  view  by  the  path-side  with  the  Upper  Lias  below.  But  m  a 
*'cave"  that  Mr.  Helps  had  excavated,  and  which  the  memben 
entered,  the  junction  of  the  two  formations  was  <ar  better  dis- 
played.  Above  is  the  very  even  under-surboe  of  die  masrive 
Sassum-Beds ;  around  the  tough,  lduish-|;rey  days  of  the  Liaii 
very  micaceous,  and  containing  a  ferruguous  indurated  band. 
Unfortunately  no  fossils  have  been  found  in  this  clay,  and 
therefore  even  the  approximate  date  caimot  be  definitdy 
ascertained. 


Gknkraused  SBcnoN  or  rax  Escaxpicxnt  at  Bisdup  Hux. 


[Fuller's 
Earth. 


I.-III.— Clypkus 
Grit. 


Non-Sequbncb, 
VI.— Upper 

TrigOHia-GRlT. 

Non-Sequence. 

(?)  Upper 
Freestone. 


(?)  Oolite 
Marl. 


ft. 

IndifTerently  exposed  in  the  roadside  on  the  top  of 
the  rise  between  Birdlip  and  the  saw-mills  ] 

Rubbly  cream-coloured  rock  with  pisolite- 
spherules  of  a  pinkish  or  brown  tinge ; 
dlypeus  ploti  (very  common),  Holecty^ 
di^rtssusy  Ttrtbratula  globata^  auctt.,  non 
Sow.,  Ter,  fiohata^  var.  oirdHfiensis^  Walker, 
RkynckontUa  spp.,  PUuromya  goldfussi, 
Strophodus  (tooth;,  etc.,  seen  in  the  section    6    0 

Limestones,  whitish,  oolitic,  the  top  bed  covered 

with  oysters  ;  Ttrtbratula  glohaia       .        .30 

Marl,  yellowish,  oolitic,  crowded  with  Ttr, 
gldata,  passing  down  into  a  nibbly  lime- 
stone          about    I    4 

Limestone,  rubbly,  not  well  exposed  .        .        .18 

Limestone,  very  massive,  usually  in  two  beds ; 

rarely  fossiliferous 30 

Upper  Coral-Bed  and  Dundry  Freestone 
wanting. 

Ragstones,  grey,  shelly ;    top  bed  bored  and 

covered  with  oysters  ;  usual  fossils     .        .69 

Deposits  of  Blagdent-concavi  hemerae  wanting. 

Limestone,  white,  oolitic,  flaggy.  Top  bed 
slightly  bored  in  places,  with  ousters 
adhering;  Terebratula  fimbria  15  inches 
from  the  top n    4    ^ 

Limestone,  softer  than  the  bed  above,  and  of  a 

yellower  colour 80 

Marl,  yellowish,  oolitic 01 

Limestone,  rubbly  in  the  centre  ;  Rhynchonella 

of  the  Rh,'Wiick*lH  type      .  .        .15 

Marl,  yellowish,  oolitic  ;  Terebratula  fimbria 
(rare),  Rhyuchonella  (fragment),  '*  no  micro- 
organisms "  (C.  Upton,  in  btt^  .        .        .01 
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K  in. 


Lowes 
Freestons. 


Pea  Grit. 


Sassum-BEDS. 


Upper  Lias. 


.'  Limesrcme.  viiixe.  onlhir 
'  and   sli^ilj   bored, 

ouarrv 


top  bed  well  pkmed 
Seen   in  the  lar^ 

about  60 
,  10 


'  **  Fissiie  Ooiize  "  (iau  Lucy) 

f  Coral  Bei  A  wiiiiish,  rubbly.  usoalhr  T>t>n- 
ODliiic  limesione.  full  of  corals  ;  (V)  futsir^tm 
ncnarasami,  Kofna  terq^ttma^  ihecovwalim 
rmgouL^  Ce^mu»erxs  rmcrMstmrns^  Jsastra^  aff, 
Ixmaiatu^  Jsastrcra  Jlrmmffi^  ThtammnstrtFA 
dgfiemcru  Heiernpora  camifera^fHC^  .  I5  O 
Limestone,  made  up  of  pisoliie-spherules,  com- 
pact in  s-::ime  places,  mbblj  in  others.  The 
rubblj  beds  occur  at  the  top  ;  the  lower 
beds  are  massire,  and  less  pisolitic 
and  fossiliferous.  The  lowest  bed  is  a 
massive  limestone,  7  feet  thick  ;  CiiMtis 
hmtckardi,  Ctdaris  finoUri^  Siomtckmus 
inUrmuiiJMS  xviT.germinans,  fjfgasUr  srmttml- 
catus,  Ps€udoduuUma  depressum^  Littorma 
cf.  recte^nata^  HapUtda  straminta^  Lym^ 
nortUa  imciusa^  usual  brachiopods  and 
pelecypods 60    o 

'  Limestone,  bard,  coarse,  yellowish-brown,  sandy ; 
belemnites  numerous  on  the  under  surface, 
but  difflcult  to  extract.  RkynckontUa  sub^ 
decorata^  Tenhratula^  sp.  nov.  ;  Tngonm^ 
Gressiva^  Fkoladomya^  and   dromya  {testt 

Lucy) 70 

Clay,  bluish-grey,  very  micaceous,  seen     .        .60 


Leaving  Birdlip,  a  quarry  near  the  saw  mills  was  passed,  where 
the  Upper  Trigonia-Qxit  rests  upon  the  Freestone,  and  a  mine  on 
the  right  in  which  the  Lower  Freestone  has  been  worked  beneath 
the  Oolite  Marl,  which  has  come  in  again.  The  first  halt,  how- 
ever, was  at  the  Buck  holt  Wood  Quarry,  where  the  Upper 
TrigoniaOtxit.  rests  upon  the  Gryphite  Grit,  with  the  Bucktnani 
and  Lower  7>/;§^?/iw-Grits  below.  So  three  members  of  the 
"Intervening  Beds"  have  come  in  again,  which  shows  that  a 
synclinal  area  has  been  entered. 

After  tea  at  the  "Falcon"  Hotel,  Painswick,  at  4  p.m.,  the  mem- 
bers walked  across  to  "The  Frith."  Mr.  Charles  Upton  had 
joined  the  party  at  Painswick,  and  undertook  the  explanation  of 
the  sections  here.  First  he  led  the  way  into  a  (|uarry  in  very 
unpromising-looking,  rubbly,  lime-washed  beds,  which,  he  said, 
contained  a  great  number  of  micro-organisms,  but  required  con- 
siderably more  attention  before  anything  like  a  complete  list  could 
be  produced. 

The  beds  are  on  the  horizon  of  the  P*:a  C/rit  Coral  Hed. 

Entering  the  quarry  called  "  The  Frith  Quarry,"  the  j>ef:uliar 
marly  beds  which  here  repre?»ent  the  Oolite  Marl  and  Upper 
Freestone  were  pointed  out,  and  a  large  numl>er  of  example:*  of 
Rhynchonella  cynomorpha  and  Rh.  tatci  were  collected  from  near 
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the  top.  The  Lower  TriganiO'  and  Buckmani-GniM  were  abo 
pointed  out,  but  time  pressed,  and  the  visit  to  Woigan's  Quany 
had  to  be  abandoned.  Worgan's  Quarry  exhibits  a  magnifioeot 
development  of  the  Upper  Coral  Bed,  v^ich  has  yielded  a  large 
number  of  echinoids  and  micro-oiganisms,*  resting  upon  the 
Upper  Trigoma-Qni. 


WOKGAN'S  QUARKT,  NEAR  StBOUD. 

^Rubbly  white  oolite,  mixed  with  marly  day 
(especially  near  the  base)  and  having  two 
weU-defined  lines  of  coral,  Istatrmm  sp., 
AmhirlM  kuditstom^  Pkmr9i»mmrim  sp. 
(very  depresied  form),  S^hrmm  tL  m- 
IV. — Upper  J  varkonm^  /ffynektmeiim  smkiirmMrm^ 
Coral  Bed.  Ttrehratuia   UmHfarmi^    ZeiUiria   wmtitmi^ 

common,  Umgmotw  firhesi^  P$dmm  roNitm^ 

articSiSMims,  etc,  Sfmftrnm  ?  oohikm^   and 
other  micro-bnchiopods,  fonuninifera  and 

ostracoda 

Non-Sequbncb.     Dundry  Freestone  wanting. 
VI. — Upper      \  Ragstonc,  shelly,  layer  of  oysters  on  the  top  and 
Trigonia-GKH.     \  bored  ;  usual  fossils  :  seen  .... 


a.  la. 


6   o 


4    o 


Stroud  was  reached  at  7  p.m. 

The  tract  of  country  between  Stroud  and  Uley  Bury  was  also 
investigated. 

From  .  the  hotel  the  members  drove  to  the  Lightpill  brick 
works,  by  the  side  of  the  Bath  Road,  where  the  Middle  Lias  is 
well  exposed,  and  thence  on  to  Dudbridge. 

Arrived  at  Dudbridge  Station,  the  Director  said  they  were  on 
the  Capricornus-Beds  of  the  Middle  Lias,  for  beds  of  impure 
limestone,  precisely  the  same  as  regards  faunal  and  lithic 
characters  to  the  contemporaneous  beds  that  were  exposed  in  the 
railway  cutting  at  Old  Sodbury,  and  in  the  pit  at  Pilford, 
Cheltenham,  had  been  laid  bare  during  the  making  of  excava- 
tions at  Messrs.  Kimmins,  Drew  &  Co.'s  offices  close  to  the 
station,  and  in  the  station-yard  itself.  In  ascending  the  hill  they 
would  pass  over  the  Middle  and  Upper  Lias,  and  see  the  Lower 
Limestone  of  the  Inferior  Oolite  in  a  quarry  on  the  edge  of  the 
Common.  Edwin  Witchell  has  described  the  geology  of  this  hill 
in  some  detail, t  and  this  is  his  "  No.  6."  It  shows  an  interesting 
development  of  the  Lower  Limestone  since  that  limestone 
frequently  contains  rounded  pebbles  of  oolite,  presumably  the 
products  of  a  penecontemporaneous  erosion. 


*  See  Quart,  Journ.  Geol.  Soc,  vol.  Ixiil  (1907),  pp. 
t  Froc.  CotUswold  Nat.  F.C.,  vol.  iz,  part  2  (for  1° 


13-414. 
7),  pp.  96-X07. 
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Quarry  in  the  Lower  Limestone,  Selsley  Hill. 


Thickness, 
ft    in. 


Lower  Limestone, 


'Limestone,  oolitic  with  a  conspicuous,  partly 
white  bed  at  the  base  :  seen  ,4 

Rubbly  bed,  average o 

Limestone,  fairly  regular  bed  .         .         .0 

Limestone,  hnely-oolitic,  with  coarser  oolite- 
granules  in  lines,  giving  the  rock  a 
streaked  appearance,  often   a   '*  Dapple 

Bed" 4 

Limestone,  "  Dapple  Bed  "     .        .        .        ,2 

Limestone,  massive,  '*  Dapple  Bed  "      .        .3 

Limestone,    massive,    in    places  a   "  Dapple 

Bed."     Has  yellow  granules  and  crowds 

of    echinoid-radioles    and     PmlacrmuS' 

ossicles  ;  Ostrta  cf.  costata  :  seen 


5    o 


In  the  next  quarry  (Nos.  4  and  5  of  Witchell),  which  is  quite 
close,  the  top  portion  of  the  Lower  Limestone  is  visible  with  the 
Pea  Grit  above,  and  this  is  followed  by  one — at  a  distance  of 
about  300  yards — in  which  the  top  portion  of  the  Lower  Free- 
stone, the  Oolite  Marl,  Upper  Freestone,  and  bottom  portion  of 
the  Upper  Trigonia-QxxX.  are  seen.  As  brought  out  in  the  follow- 
ing record  the  beds  placed  on  the  Oolite  Marl  horizon  are  subject 
to  considerable  variation.  It  should  be  particularly  noticed  that 
there  are  no  Lower  Trigonta-  or  Buckmani-Gnts  between  the 
Upper  Freestone  and  Upper  TrigoniaGnt  as  at  Rodborough 
Hill.  In  the  south-eastern  portion  of  the  quarry  is  a  trough- 
fault,  Ragstone  Beds  being  introduced. 


Quarry  in  the  Freestone  Series,  Selsley  Hill. 


Upper  Tngonia' 

Grff 

Non-Sequence. 

Upper 

Freestone 


Lower 
Freestone. 


i  Ragstone,  shelly ;  usual  fossils  :  seen        . 

Deposits  of  Biagdeni'COHcavi  hemera?  wanting 
[  Oolite,  thin-bedded,  flaggy         .... 


Thfcknets. 
ft.    In. 

2    6 


12     3 


OOLFTE  Marl.  . 


Limestones,  with  an  undescribed  species  of 
Rhynchonella,  Terehratula  fimbria^  Rkyn- 
chontlla  granulaia,  and  Lima  simia'rcu/aris, 
and  layers  of  shaly  marl,  subject  to  much 
variation.  Specimens  of  Lucina,  Acrosaltnia 
and  Hemipedina  Utragramma^  found  on  the 
spoil  heaps,  probably  from  this  horizon : 
I  foot  9  inches  to  4  feet  .        .        .20 

Marl,  brownish,  oolitic,  with  pebbles  at  the  base  ; 
Rkyfukomlla  tuhobtoUta^  Ttrebfratula fimbria^ 
and  Cypricardia .         .        .        .        ,        #04 


Limestones,  massive,  oolitic  :  seen 


7    o 


In  Witcheirs  time  about  7  feet  more  of  Lower  Freestone  were 
exposed.     He  remarked  that  "  it  is  rather  singular  that  so  little  of 
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the  Freestone  should  have  been  worked  in  this  hiD,  as  the  beds 
must  be  70  ft  thick. 

Between  this  quarry — ^which  b  Na  a  of  Witdidl — and  die 
tumulus  is  a  shallow  quany  (No.  x  of  Witchell)  in  tiie  Ragstooe 
Beds.  The  top  bed  of  the  Upper  Tyigama-Grit  is  easily  lecx^ 
nised  by  the  number  of  oysters  that  are  adherent  to  it  and  1^  its 
bored  condition.  This  *'  Grit "  is  known,  on  the  evidence  01  the 
last  section,  to  rest  directly  upon  the  Upper  Freestone ;  tiiere  is 
no  Gryphite  Grit  in  between  as  Witchell  thought  It  is  true  that 
he  remarked,  ''  the  Gryphite  Grit  appears  to  be  changing  firom  its 
usual  ferruginous  aspect  to  that  of  the  [Upper]  ThjJpMm-Bedp 
and  from  the  absence  of  its  most  characteristic  fossils  it  is 
difficult  to  identify  it" 

Above  the  Upper  Trig^nia^nt  is  a  bed  of  very  distinctive 
lumps  of  limestone  containing  Ter^ratula  subtpkmrmdmUs  and  a 
new  species  of  Rhynchanella.  Mr.  C.  Upton  has  washed  scMne 
of  the  marl  associated  with  these  limestone  masses  and  reooids 
Ostracoda  and  Foraminifera.  Rubble  of  typical  CfyfrniXisil 
succeeds. 

The  features  of  the  surrounding  country  were  pointed  out 
from  the  top  of  the  tumulus,  which  is  689  ft.  above  Ordnance 
Datum,  and  an  interesting  discussion  on  River  Development  took 
place,  in  which  the  President,  Mr.  Whitaker,  Dr.  A.  Vaughan, 
and  Dr.  Cullis  took  part.  The  Director  then  called  attention  to 
the  fact  that  the  sequence  they  had  been  studying  was  complied, 
at  Bown  Hill,  which  is  an  outlier  of  Fuller's  Earth  and  basal 
Great  Oolite  beds. 

Magnificent  views  over  the  vale  were  obtained  during  the 
drive  along  the  edge  of  the  hills,  and  when  the  ever-breezy 
Frocester  Hill  was  reached  the  flat-topped  Cam  Long  Down 
attracted  particular  notice.  Few  views  are  more  inspiring  than 
this  one. 

First  the  exposure  by  the  side  of  the  main  road  of  the 
Cephalopod  Bed  with  the  overlying  Opaiinifortne'  and  Scissum- 
Beds  was  investigated,  and  then  the  large  quarry  in  which  Lower 
Limestone,  the  thin  layer  on  the  horizon  of  the  Pea  Grit,  and 
lower  portion  of  the  Lower  Freestone  are  seen. 

After  an  ai fresco  meal  the  members  passed  on  to  Uley  Bury, 
first  examining  the  large  quarry  in  which  the  thin  rubbly  layer 
representing  the  Pea  Grit  is  seen  amid  the  freestones,  and 
then  descending  to  the  section  of  the  Cephalopod  Bed.  The 
sections  here  are  much  the  same  as  at  Frocester  Hill,  so, 
after  a  brief  inspection,  the  members  returned  to  the  entrance 
of  the  Uley  Camp,  where  the  Director  outlined  the  history 
of  closing  British  times  and  the  early  years  of  the  Roman 
occupation. 

A  visit  to  the  far-famed  Uley  tumulus,  which  was  entered, 
completed  the  day's  work,  and  after  tea  at  Nympsfield  the  drive 
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back  to  Stroud  was  by  the  same  route  as  that  traversed  during 
the  morning — along  the  escarpment. 

On  Monday  the  members  left  Stroud  (M.R.)  at  lo.io  a.m., 
and  arrived  at  Charfield  at  10.58  a.m.  From  the  station  they 
drove  to  Wotton-under-Edge. 

Passing  through  Wotton,  they  ascended  Wotton  Hill  to  study 
the  sequence  of  Inferior  Oolite  beds  as  developed  in  this  part  of 
the  Cotteswold  Hills. 

The  first  section  examined  was  that  well  known  for  its  fine 
exposure  of  the  Cephalopod  Bed,  which  is  seen  above  the 
Cotteswold  Sands  and  below  the  Scissum-Beds.  The  Striatulum- 
Beds  at  the  base,  comprising  two  fairly  massive  beds  of  impure 
limestone  separated  by  a  shaly  parting,  were  pointed  out,  and 
particular  stress  was  laid  on  the  fact  that  since  they  overlaid  the 
Cotteswold  Sands  those  Sands  were  ^Tt-sinatulL  Farther  south, 
at  "  The  Springs,"  Dodington,  Grammoceras  striatulum  occurs  in 
the  sands,  and  at  Timsbury  Sleight,  in  Somerset,  below. 

Continuing  up  Wotton  Hill  the  large  quarry  in  which  the 
Freestone  Beds  have  been  so  extensively  worked  was  visited. 
These  Freestone  Beds  succeed  the  »SnVj«w-Beds  of  the  previous 
section,  and  while  they  mainly  represent  the  Lower  Limestone  it 
is  just  possible  that  one  of  the  rubbly  layers  represents  the  Pea- 
Grit  band  of  the  Frocester-Hill  section,  which  would  make  the 
portion  of  the  Freestone  above  referable  to  the  Lower  Freestone. 
Resting  upon  the  bored  and  waterworn  surface  of  this  freestone  is 
a  feeble  representative  of  the  Dundry  Freestone,  succeeded  by  a 
not  much  more  conspicuous  development  of  the  Upper  Coral 
Bed.  Above  come  beds  which  must  be  referred  to  the  Upper 
Trigonia-Qn\^  although  scarcely  typical  of  that  sub-division, 
succeeded  by  readily  recognisable  Clyp€uS'Qn\., 

The  main  object  of  visiting  these  two  sections  was  to 
demonstrate  (i)  that  the  Cotteswold  Sands  are  of  ^x^striatuli 
date,  and  (2)  that  between  the  Scissum-  and  Ragstone  Beds  come 
only  Freestone  Beds — no  Oolite  Marl,  Upper  Freestone,  or  any 
of  the  "intervening  beds."  The  Director  stated  that  if  they 
examined  the  sections  between  here  and  Bath  they  would  find 
that  even  the  Freestone  Beds  disappeared,  so  that  in  the  neigh- 
bourhood of  Bath  the  Upper  7>7^^«/Vj-Grit  rests  directly  upon 
the  Sands.  But  north,  as  they  were  now  aware,  there  was  a 
general  thickening  as  far  as  the  neighbourhood  of  the  Moreton 
Valley,  although  beds  apf)eared  and  disappeared  according  to 
the  results  of  the  Bajocian  flexuring  and  denudation. 

Before  turning  into  the  woods  the  position  of  the  Fullers' 
Earth  and  Great  Oolite  was  indicated,  so  that  in  the  neighbour- 
hood there  is  a  complete  sequence  from  the  I^wer  Lias  below 
Wotton  to  the  basal  beds  of  Great  Oolite  on  Symond's  Hall 
Hill. 

Passing  through  Westridge  Wood  the  members  came  out  on 
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the  scantily  grass-clothed  NiUey  KnoH,  whidi  it  rendered  i 
spicuous  from  the  vale  by  the  monumeDt  erected  to  Tyndale^ 
the  translator  of  the  New  Testament 

After  the  Director  had  exriained  the  Reognipby  and  gpdogj 
of  the  scene  before  them.  Prof.  S.  H.  Rcq^nolds  contributed 
some  remarks  on  the  country  to  be  traversed  duiiiig  the 
following  day  around  Tortworth,  wluch  was  ctearly  visifate  down 
in  the  vale.  Mr.  Whitaker  added  some  dbservations»  and  dien 
the  neighbouring  quarry  in  the  t'reestone  and  Ragstone  Beds  wu 
briefly  studied.  It  shows  the  basal  portion  of  &  Cljipats-Qrii^ 
all  that  represents  the  Upper  T^iffMia-Gntt  and— as  at  Wotton  HiU 
it  is  thin — the  Upper  Coral  Bed*  with  the  Freestone  Beds  below. 

The  lane  down  to  North  Nibley  is  deeply  excavated  in  the 
sands,  and  reveals  the  Cephalopod  Bed  high  up  in  the  bank  on 
the  left.  As  the  component  deposits  preasdy  resemUe  their 
equivalents  at  Wotton  Hill,  the  section  was  left  undisturbed,  and 
the  members  made  durect  for  the  "  White  Hart "  Hotd,  where 
lunch  was  served. 

After  lunch  the  route  lay  partly  up  and  then  across  the  deq> 
Waterley  Bottom,  a  combe  typical  of  those  that  characterise  dus 
part  of  the  Cotteswold  Hills.  The  lane  then  followed,  after 
crossing  the  stream  north  of  Fording  Brook,  was  that  past  the 
'*  New  Inn,"  and  in  its  banks  is  afforded  the  finest  section  of  the 
Cotteswold  Sands  in  the  Cotteswold  Hills.  The  lane  is  deeply 
cut  and  near  its  very  commencement  are  some  hardish  sandstone 
bands  intercalated  in  the  sands.  They  yielded  a  few  specimens 
of  Haugia^  thereby  dating  the  portion  of  the  Sands  in  which 
they  occurred  as  variabilis.  Near  the  top  of  the  lane  the 
Cephalopod  Bed  was  seen,  but  except  that  some  of  the  layers 
are  slightly  harder,  it  agrees  with  the  equivalent  at  Wotton  Hill 
and  Nibley  Knoll,  and  therefore  requires  no  detailed  notice. 

While  the  members  were  resting  the  Director  gave  a  final 
discourse  on  the  Sands,  which  are  so  frequently  found  to  con- 
stitute a  greater  or  less  portion  of  the  Upper  Lias  or  Toarcian. 
Starting  with  what  they  knew,  they  had  now  seen  sufficient  to 
agree  that  the  Cotteswold  Sands  were  ^x^striatuli^  and  of  about 
variabilis  and  I  Alii  hemerae.  At  Timsbury  Sleight,  not  a  great 
way  from  Radstock,  in  Somerset,  the  Midford  Sands  were  post- 
striatuli — indeed,  post-Slruckmanni,  and  probably  of  dispansi 
hemera.  In  brief,  at  the  Wotton  section  the  Striatuium-Zont 
comes  above  the  sands,  and  at  Timsbury  Sleight  below.  The 
pTe-slrialuli  sands  are  the  Cotteswold  Sands;  the  post'Striafyli 
sands  the  Midford  Sands.  Between  the  two  areas  in  which  these 
phenomena  are  so  evident,  is  one  in  which  the  Slriafulum-N'iveau 
comes  in  the  sands,  which  are  therefore — in  part  at  any  rate — of 
the  hemera  striatuli.  This  is  the  date  of  the  sandy,  shaly 
deposits  above  the  Alum  Shales  and  below  the  "  Grey  Beds  "  of 
the  B\ea  Wyke  or  Ravenscar  section  in  Yorkshire.     The  Yeovil 
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Sands  are  of  Moorei-Dumortieria  hemerae;  the  Bridport  Sands 
Still  later — late  Dumortieria^  Moorei^  aalensis  and  opaliniformis 
hemerae.  So  the  equivalents  of  certain  of  the  component  layers 
of  the  Gloucestershire  Cephalopod  Bed  are  in  certain  parts  of 
Somerset  and  Dorset  sands  of  considerable  thickness.  These 
facts  demonstrate  the  uselessness  in  such  cases  of  relying  upon 
similarity  in  lithic  structure  as  proof  of  contemporaneity,  and  they 
are  further  emphasised  by  the  deposits  of  Lilli  date,  which  are 
sands  and  sandstones  at  Coaley  Wood,  being  clays  near 
Cheltenham. 

At  Break  Heart  Hill  the  quarry  in  the  Freestone  and 
Ragstone  Beds  was  briefly  inspected.  It  is  the  one  concerning 
the  date  of  the  freestone  of  which  Mr.  H.  B.  Woodward  was  in 
some  doubt* 

Break  Heart  Hill  Quarry,  near  Dursliy. 

ThIckneM. 
ft.    in. 

TV/rwwtf-GRiT      I  Ragstone,  shelly  ;  usual  fossils  :  seen        ,        .30 

Non-Sequence    \  ^«P^**^*  .  °^    BlagdenUradfordtnsis    hemerae 
^     "      '    \         wanting. 
i?u«.«»<^rx^»        I  Limestone,  oolitic,  not  well  bedded     .  .43 

aSs  )  ^^"^'"^ ^     ' 

fitf     F-        N       I  Limestone,  false-bedded  in  ihe  upper  portion, 
\^MurcHtsoiut).      I         ^^^  having  a  very  regular  top  :  seen  .        .100 

Returning  to  the  road,  a  short  walk  in  a  north-westerly 
direction  brought  the  members  to  a  slight  rise,  where  Fullcri' 
Earth  clay  was  seen  in  the  road  sides,  and,  in  some  trenches  over 
the  hedge,  some  of  the  limestone  bands  f  almost  made  up  of  the 
valves  of  Ostrea  acuminata),  which  are  a  well-known  feature  of 
the  Fullers'  Earth  in  this  fxirt  of  the  f>^lleswoId*.  A  small  porvJ 
in  the  wood  at  the  junction  of  the  lane  l^:a/Jing  d^/wn  Warend 
Hill  further  indicated  the  f/resen^y:  fA  the  argillaceous  fuJlwy 
Earth. 

Continuing  their  walk  along  the  road  •.:**:  mernWs  ^-ame  '/•;! 
on  the  golf  courvr  on  .Stin<:hM>m}>e  H;ii,  whi'.h  t}^  croMed  ^> 
the-  part  that  '.:*rt  'ry^.we»trj  IVywnau^^  and  Hilhidf;  W/y>d^,  Ffyja 
this  spur,  whi'-r.  «^/>r:.rr.ar.d.^  t.v:  twM  rroigfiifio^'r/,  v>!rwi  ^A  tJyr 
Lower  Jkr^err;  '•^>jq,  t;^  \Kz^r/r.  irAl^Ji^j-ji  \\ji  yul  U^  y<«y/u% 
rocks  payed  in  ^yf'xij'ir^g  tr^  ^arji'^l  'yyi;r/rv  wr>;;n  t^*^f  *i*:w. 
Then  he'prvow^C/^C  'o  g.'*:a  ;ryyfe  'iet>;>/*  ^S-rv-rj^Xy^  V  v>^ 
structure  U  S-iry.-y//-.-. '/n  H.,.  ;\^X  f  ;ft*  oo^r^rv  *Jj^  l//sr*r 
Lias  tha:  f'jrrr-i  vv:  "  >/,,A  '  ftvyf  '/  \t^,  -it^^,  :  t?.*^;  -;-^ 
Middk  Iii»-  »-V.  M  '^."i  '^;/ '/  i4^l^//r^,  v^*  r^t  3^r>*rrf  fjftie 
10  irjt  izATctfi  uv :.-*.'  ;,.A.* *',<•;,  v;/r.  ».',•?.  -^^  ^•-'U^*^  '/  v^ 
harr/.e^  cilrsC  '  T.-y: ''/-^'f/  *.'*:  v-  *..  »^..'".  5  fv,y/»>f:  v>  Vjf: 
slope  OC'Vjit  V;.>tr  ;,Ai    -yirr*:  ?,v/i^;  ,vaiC^  v>  '/  ^rK  *j'fiK^^''/A 


Ill  a  (juarry  on  the  east  side  ot  Hollow  LomDe,  >\ 
called  the  ''Stanconibe  (Juarry."  Time  did  not  p 
to  this  (juarry,  but  the  following  notes  may  not  be 

The  (juarry  is  divided  into  two  parts,  a  n 
southern,  by  a  grassy  bank  that  indicates  a  lin 
Upper  Trigoftia-Gr'it  of  the  southern  portion  being 
the  Cfypeus-Gnt  of  the  northern.  The  Rubbly  Be 
below  the  turf  in  the  northern  portion,  and  ai 
specimens  of  Terebratula  globata^  auctt.  noi 
HoUctypus  depressus  is  less  common.  Below 
sandy-looking,  rather  barren,  limestones,  wi 
specimens  of  Acanthothyris  spinosa  and  Tenb. 
representing  the  White  Oolite,  that  are  followed 
order  by  beds  referable  to  the  Clypeus-GiTiX.  The 
of  the  ClypeuS'GnX.  is  seen  in  the  southern  sectioi 
parted  by  a  marly  deposit  from  an  oyster-covered 
underlying  Upper  Trigonia-QriX..  The  marly  L 
horizon  of  the  Upper  Coral  Bed,  and  has  yielded  i 
ing  echinoids,  but  the  Dundry  Freestone  is  not  rej 
Upper  Trigonia-Qinl  is  of  the  normal  type — a  \ 
stone — but  it  is  better  seen  in  the  abandoned  qua 
between  Bownace  and  Hillside  Woods.  The  mem 
visited  this  section,  from  near  which  is  one  of  the 
views  over  the  valley.  Pointing  to  where  a  new  h 
erected  in  Hillside  Wood,  the  Director  said  it  ^ 
marly  bands  apparently  on  the  horizon  of  the  Wh 
he  obtained  specimens  of  clay  that  had  yielded  to 
extraordinary  number  of-  micro-organisms. 

Commencing  the  descent  of  the  hill,  in  the  t 
near  the  end  of  the  wall  above  the  gravel-pi 
Cephalopod  Bed,  and  then  all  the  way  down, 
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tions  had  attracted  his  attention.  It  opened  out  an  interesting 
question,  to  solve  which,  however,  more  details  were  required. 

Turning  at  the  "  Yewtree"  Inn  along  the  Oldhill  Lane,  the  large 
quarry  in  the  Marlstone  was  entered.  The  Marlstone  is  from  15 
to  20  ft.  thick  here  and  is  crowded  with  Rhynchonella  amalthei 
and  belemnites. 

Tea  at  "  The  Welcome,"  Cam,  completed  the  day's  proceed- 
ings, and  the  members  left  by  the  7.5  p.m.  train  for  Stroud. 
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Part  II.  bt  Prop.  S.  H.  RtmoLDSi 

Tuesday^ /um  ^th^  1908. — ^The  party  numbering  forty  left  the 
train  at  Widcwar  Station,  which  lies  immediately  to  the  north  of 
the  tunnel  penetrating  the  horaeshoe-shaped  ridge  of  Carbooifienms 
Limestone  bordering  the  Bristd  Coa&eld.  The  flht  stop  was 
made  at  a  small  quarry  in  Old  Red  Sandstone  of  the  osual 
character—red  and  grey  sandstone  often  micaoeousi  with  bands  of 
quartz  pebbles,  and  the  Director  drew  attention  to  the  remarkaUe 
attenuation  of  the  Old  Red  in  this  region,  where  it  is  only 
200  or  300  ft.  thick,  this  fact,  together  with  the  thin  and  imperfect 
development  of  the  Ludlow  Beds,  beins  probably  best  explained 
on  the  view  that  the  district  was  upheaved  and  subjected  to 
erosion  during  the  late  Silurian  and  early  Old  Red  times. 

Several  quarries  in  the  Carboniferous  Limestone  were  next, 
visited,  and  the  various  sub-divisions  which  have  been  established 
in  these  rocks  by  the  work  of  Dr.  Vaughan  were  pointed  out 
The  first  two  quarries  were  opened  in  the  upper  part  of  the 
Zaphrentis  Beds  (Z^  and  the  succeeding  horixon  y,  the  lower 
Zaphrentis  Beds  (Z,)  and  CUistopara  Beds  (K)  not  being  exposed. 
The  lower  beds  in  each  quarry  are  highly  fossiliferous,  and  many 
specimens  were  obtained.  The  highest  beds  exposed — best  seen 
in  the  second  of  the  two  quarries — are  the  Laminosa  dolomites, 
the  lowest  beds  of  the  Syringothyris-zon^  (C).  The  dolomites 
are  not  due  to  subsequent  dolomitization,  but  are  original  and 
indicate  the  prevalence  of  shallow  water  conditions. 

A  third  quarry  showing  the  Caninia  oolite  of  the  upper 
SyringothyriS'ZOXiQ  was  not  visited,  and  the  party  proceeded  at 
once  to  a  large  quarry  in  the  Seminula  beds  (Si  and  S,).  Patches 
of  Lithostrotion  martini^  bands  of  Seminula  shale  with  Productus^ 
in  the  lower  beds,  and  the  fine  oolite  in  the  upper  beds  received 
attention,  and  it  was  pointed  out  that  here  in  the  lower  part  of 
the  Upper  Carboniferous  Limestone  of  the  district,  while  the 
number  of  individual  fossils  is  very  great,  the. number  of 
species  occurring  is  relatively  small. 

Joining  the  brakes,  the  party  then  drove  to  Charfield,  where 
a  halt  was  made  for  refreshment.  The  members  then  walked  to 
CuUimore's  Quarry,  which  had  been  newly  opened  up,  showing  a 
thickness  of  some  2^  ft.  of  ashy  limestone  of  Upper  Lkindovery  age, 
which  is  seen  resting  on  the  surface  of  the  highly  amygdaloidal 
trap.  Occasion  was  taken  to  summarise  the  various  views  which 
have  been  held  with  regard  to  the  igneous  rocks  of  this  district. 

It  had  been  proposed  to  walk  along  the  Little  Avon  from 
Avening  Green  to  Damery,  but  this  had  to  be  omitted  owing  to 
lack  of  time,  and  the  party  drove  straight  from  Charfield  to 
Damery,  where  the  old  quarry  in  the  Llandovery  on  the  south  side 
of  the  river  is  the  most  noted  fossil  locality  in  the  district,  and  as  it 
had  been  recently  opened  up,  material  was  plentiful  and  many 
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fossils  were  obtained.  The  large  trap  quarry,  the  only  one  in  the 
district  now  in  work,  was  next  visited,  and  here  a  photo  of  the 
party  was  taken  by  Miss  Johnston.  After  a  short  drive  the 
majority  of  the  party  left  the  brakes  and  walked  across  the  fields  to 
Middlemill  Quarr}',  which  had  also  recently  been  opened  up  and 
showed  several  feet  of  hard  limestone  containing  scattered  lapilli  of 
considerable  size  with  numerous  corals  and  other  fossils  resting 
on  the  top  of  the  trap.  The  Director  pointed  put  that  when  the 
quarry  was  visited  by  the  Association  in  1901  it  was  believed  that 
Middlemill  Quarr>'  was  situated  in  the  lower  of  the  two  trap  bands 
which  occur  associated  with  the  Llandovery  rocks,  and  that  con- 
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Fig.  41.— Sketch  Map  ani>  Sectiom  of  Wickwar  Quarries. 

C.  Lloyd  Morgan. 

sequently  the  lower  band  was  thought  to  be  like  the  upper,  overlain 
by  a  band  of  ashy  limestone.  Further  work  led  to  the  conclusion 
that  the  Middlemill  trap  belonged  to  the  upper  band,  and  that 
consequently  much  of  the  evidence  cited  for  the  contemporaneous 
character  of  the  lower  trap  band  no  longer  held  good. 

The  brakes  were  here  entered,  and  the  party  drove  through 
the  villages  of  Stone  and  Falfiekl  to  Whitfield,  where  a  hurried 
visit  was  made  to  the  old  Whitfield  or  Brinkmarsh  quarry,  from 
which  ver>'  large  numbers  of  Wenlock  fossils  have  been  obtained 
in  former  times.  Part  of  the  quarry  had  been  recently  opened  up, 
and  showed  a  thick  series  of  shales  with  plentiful  corals  {ffailia 
mitratd)  and  brachiopods  (Orthis  basaiis),  overlying  alternating 
limestones  and  shales,  three  of  the  limestone  bands  being  more 
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valley  and  form  the  water-partings  between  a  westward-flowing 
strike-tributary  of  the  Darent  and  the  Leybourne,  another  strike- 
stream  which  flows  eastward  into  the  Medway.  These  Gault 
water-partings  at  their  lowest  points  rise  to  about  320  O.D. ; 
the  chief  springs  of  the  Shode  issue,  on  the  north,  probably  from 
the  base  of  the  Chalk  marl  about  380  O.D.,  and  from  the  Lower 
Greensand  above  400  O.D.  The  Shode,  after  breaching  the 
"  Greensand  ridge  "  by  a  canon-like  gorge  south  of  Boro'  Green, 
joins  the  Medway  at  Hadlow  in  the  Weald  Clay,  thus  presenting 
the  very  unusual  feature  of  a  stream  flowing  southward  into  the 
Weald.  Topley,  to  account  for  the  anti-dip  course  of  the  Shode, 
assumed  an  anticline  in  the  Shode  Valley,  by  which  the  outcrop 
of  the  Weald  Clay  would  be  thrown  farther  north ;  by  the 
denudation  of  this  clay  and  the  recession  of  the  head  of  the 
valley  thus  formed,  he  thought  the  present  configuration  might 
have  arisen.  Recently,  however,  Mr.  W.  J.  L.  Abbott  has 
shown  the  existence  of  a  syncline  in  the  Shode  gap.  The 
Shode  enters  Weald  Clay  at  Plaxtole,  150  O.D.,  whilst  im- 
mediately to  the  east  the  Hythe  Beds  and  Atherfield  Clay  rise  to 
550  0.1).  at  Hurst  Hill,  and  to  nearly  700  O.D.  at  Shingle  Hill 
on  the  west.  Allowing  1 50  ft.  for  the  combined  thicknesses  of 
the  Hythe  Beds  and  Atherfield  Clay  (an  over-estimate)  there  still 
remains  a  syncline  of  300  ft.  or  so. 

Mr.  F.  C.  J.  Spurrell  suggested  that  a  reversal  of  drainage  had 
occurred  in  the  Shode  valley,  whereby  a  stream  once  flowing  into 
the  Darent  from  the  "  Forest  Range,"  had  become  tributary  to 
the  Medway.  This  view  is  negatived  by  the  evidence  of  the 
Shode  gravels,  which  contain  flint  and  chert  in  abundance,  but 
yield  no  Wealden  material  above  Dunk's  Green,  which  is  well 
within  the  Medway  system. 

Whilst,  therefore,  the  Shode  Valley  presents  many  interesting 
features,  the  Directors  regard  it  as  due  to  the  recession  of  the 
head  of  an  anti-dip  stream.  Similar,  but  less  advanced,  anti-dip 
streams  occur  at  Oxted,  Godstone,  and  Redhill. 

After  a  pleasant  walk  through  Birches  Wood,  a  pit  in  an 
outlier  of  Blackheath  Beds  at  Oaklands  (Knockmill),  was  reached, 
where,  at  727  O.D.,  a  depth  of  20  ft.  of  sandy  gravel  is  shown. 
The  deposit  consists  mainly  of  flint  pebbles  and  sand,  but  siliceous 
conglomerates  occur  in  an  old  pit  close  at  hand,  and  the 
Directors  had  obtained,  also,  one  quartzite  pebble.  Two  features 
in  this  pit  require  explanation,  (i)  The  disturbed  condition  of 
the  pebble- beds.  (2)  The  presence  of  a  mass  of  sand  and 
"  silica  powder  "  full  of  flint  pebbles,  as  white,  and  almost  as  soft, 
as  chalk.* 

I.  The  tumbled  state  of  the  pebble- beds  is  probably  due  to 
their  slow  descent  into  "  pipes  "  formed  by  the  solution  of  the 
subjacent  Chalk.     Evidence  for  the  existence  of  these  "  pipes  "  is 

•  See  Fig  42  and  Plate  XXIX. 


Fin,  13.— Section  jn  the  B 
OiTTLrER  (Km 

fi*  Pebbly  soil,  i~i  h. 
A  Sand  ar?ii  p^bbJei,  a-4  ft 
r.  Pebbk  BeJ»,  I5-20  ft  /t; 
if.  Mass  of  white  sand  with 
/  Sand,  passing  down  jntg  . 

irregular    V)  Comparison  m 
miuUn,  but  even  more  grcatl 


Proc.  Geou  Assoc  ,  \'ol.  XX. 


Platk  XXIX. 


Ph^ij^y    A'.    Ii.ihaft.iltf\ 

A  Mass  of  I)i«iMF.',f' vrK.'  IrrM   Vvmv.w    r.  iJf  a'Kmfaiii  Ui.i^h, 

Kno<  K Mil  I.. 


535 

like  a  mound  of  chalk,  for  which  it  might  easily  be  mistaken. 
It  contains  :  (a)  A  milk-white  angular  quart/  sand.  (The  ordinary 
sand  of  the  pit  is  yellow  to  brown,  from  the  presence  of  iron.) 
(^)  A  pure  white  siliceous  powder,  so  fine  that  it  will  remain  sus- 
pended in  water  for  several  hours,  (c)  Many  flint  [Kibbles  pure 
white  throughout. 

The  complete  bleaching  of  the  flints  is  probably  due  to  the 
removal  of  *'  soluble  silica  "  and  the  colouring  matter  by  the 
solvent  action  of  percolating  water.  Flints  showing  a  white 
cortex  one-eighth  of  an  inch  to  three-<juarters  of  an  inch  in  depth 
commonly  occur  in  chalk  (juarries,  in  **  pipes,"  and  on  the  oi)en 
Downs.  That  this  cortex  is  ix)rous  may  be  demonstrated  by 
dipping  the  flints  in  red  ink,  which  is  readily  absorbed  by  M^ 
cortex.  Some  flints  from  "  pipes  "  on  Worm's  Heath,  showing 
a  cortex  one-half  inch  deep  surrounding  dark  unaltered  flint, 
absorbed  the  colouring  matter  readily  throughout  the  cortex,  but 
the  dark  core  remained  unafi*ected ;  the  Knockmill  pebbles 
become  stained  through  and  through.  Evidently  the  |)orosity  of 
the  altered  flint  is  due  to  the  removal  of  "soluble  silica,"  and 
the  solvent  has  removed  also  the  iron  and  manganese  which 
impart  the  dark  colour  to  ordinary  flints.  At  Knockmill  there 
are  p>ebbles  showing  every  stage  of  the  process,  from  those  with 
merely  a  film  of  white  cortex  to  those  in  which  the  "  whitening  " 
has  reached  the  centre,  and  the  whole  pebble  resembles  a  lump 
of  chalk. 

The  "  silica  powder,"  which  is  the  final  result  of  the  decom- 
position and  disintegration  of  these  pebbles  may  easily  Ix: 
separated  from  the  accompanying  bleached  sand  by  levigation  ; 
under  the  microscope  it  can  readily  be  distinguished  from  the 
quartz  grains  by  its  excessive  fineness. 

The  occurrence  of  such  a  mass  of  disintej^ratcd  flint  sr;enis  to 
be  very  unusual.  While  the  alteration  is  simply  a  continuation 
and  completion  of  the  ordinary  "  bleaching  "  of  flints,  for  which 
the  solvent  action  of  water  (more  or  less  carlx>nated)  is  held  a 
sufficient  cause,  it  is  not  easy  to  see  why  the  alteration  has  lic'.ri 
so  complete  in  only  a  very  limited  |*art  of  the  pit,  and  whil': 
downward  fxrrcolation  seems  the  most  obvious  r;ourse  iux  the 
active  solvent  the  pos^bility  of  water  ^.barged  slightly  with 
alkaline  car^XJnatL•s;  rising  from  the  Thalk  is  certainly  wortliy  of 
consideration. 

After  an  examination  of  this  int«:p:stin;(  pit  a  shallow  trench, 
recently  ofK:n»:d  by  Mr.  I'.  Harrison,  in  the  adjoinirig  w^xxl  was 
visited.     Here  a  f-jw  sub-ari'^ular  brown  flint*  were  seen  rrii»;d 
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burial  places  in  the  first  instance.  It  is  true  that  Silbury 
Hill  has  been  opened  and  no  human  interment  discovered, 
but  it  should  be  remembered  that  at  the  times  when  the 
diggings  were  carried  on  the  skill  and  experience  which  are  now 
applied  to  finding  the  burial  were  not  forthcoming. 

A  three  mile  walk  along  the  high  road,  parallel  with  the  River 
Kennet,  brought  the  party  to  Fyfield.  Just  before  entering  the 
village  some  large  sarsens  in  the  steep  roadside  were  examined. 
This  bank  supports  a  terrace.  The  opinion  has  been  hazarded  that 
the  stones  were  placed  in  the  bank  by  prehistoric  man.  The 
Director  pointed  out  that  these  stones  are  rounded  at  the  edges 
and  not  apparently  chipped.  A  little  farther  on  a  magnificent, 
mortarless  wall  of  large  sarsens,  chipped  and  squared,  was 
examined.  This  modern  wall  was  compared  with  the  seemingly 
older  one  previously  seen.  The  importance  of  other  items  on 
the  programme  prevented  the  members  paying  much  attention  to 
the  small  Chalk  pit  east  of  Fyfield.  A  thin  layer  of  tabular  flint 
runs  right  across  the  section.  Specimens  of  sarsen  with  rootlet 
holes  and  also  others  containing  flint  pebbles  were  obtained  from 
stones  which  had  been  brought  to  the  pit. 

A  few  hundred  yards  farther  on  the  party  left  the  high  road 
and  entered  the  Valley  of  Stones  at  Piggle  Dean.  A  plot  of  a 
few  acres  in  extent  in  the  bottom  of  this  dry  side  valley  has  been 
bought  for  the  public.  Above  this  plot,  however,  the  members 
of  the  excursion  witnessed  the  destruction  of  the  sarsens  actually 
going  on,  especially  on  the  hillside  west  of  the  narrow  valley; 
thus  the  evidence  of  the  sarsens  having  once  lain  on  the  lower 
hillsides  is  being  destroyed  here,  but  fortunately  exists  at  other 
spots.  On  the  Warren,  a  little  to  the  north,  the  sarsens  are 
scattered  over  the  ground  in  the  bottom  of  another  dry  valley 
up  the  slope  and  on  top  of  the  down  or  hill.  Farther  along  the 
hill  to  the  north  are  some  ploughed  fields  (on  Hackpen  Hill),  at 
885  ft.  O.D.  or  less,  one  of  which,  near  "  Glory  Ann  "  Barn,  is 
said  by  the  late  Rev.  A.  C.  Smith  to  have  been  the  "  fountain 
head  "  of  the  sarsen  stones ;  and,  indeed,  a  glance  at  the  large 
Ordnance  Map  would  seem  to  show  Mr.  Smith  to  have  been 
right.  The  stones  crowd  up  to  this  very  spot,  and  are  only  (on 
the  map)  cut  short  by  the  boundaries  of  the  ploughed  fields. 
These  fields  show  red  and  yellow  clay  in  places,  and  patches 
of  drift  from  which  the  Director  has  taken  Palaeoliths,  all 
stained  ochreous  or  brown  or  greenish  (mostly  the  two  latter), 
together  with  "  Eoliths  "  or  merely  edge-trimmed  tools,  apparently 
of  no  greater  age.  The  Palaeoliths  themselves  seem  to  be  of 
different  periods. 

Whilst  the  party  was  in  Piggle  Dean  the  question  of  the 
former  extent  of  the  sarsens  was  discussed,  and  the  Director 
pointed  out  that  the  stones  lie  thick  in  West  Woods,  on  the 
other  side  of  the  river  Kennet. 
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4.  Palaeoliths  from  Knowlc  Farm  Pit,  especially  one  lot  dug 

out  of  one  large  hole,  some  found  m  sttu  by  himself. 

5.  Palaeoliths  and  Eoliths  side  by  side,  and  exactly  resembling 

each  other  in  man^  cases  and  in  different  types,  as 
regards  edge-trimmmg  and  general  outline. 

Mr.  E.  P.  Ridley,  in  proposing  a  vote  of  thanks  to  the 
Director,  noted  that  he  (the  Director)  avoided  the  word  Eolithic, 
and  substituted  "  early  Palaeolithic." 

The  party  took  tea  in  the  village  school,  and  glanced  at  a 
fallen  stone  circle  in  Winterbourne  parish,  and  at  the  Lower 
Chalk  cutting  on  Clyffe  Hill  en  route  for  VVootton  Bassett  station, 
whence  they  returned  to  London  by  the  8.2  train. 
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THE    SCIENCE     HALL,     FRANCO-BRITISH 

EXHIBITION. 

Monday,  July  6th,  1908. 

Director:  F.  A.  Bather,  M.A.,  D.Sc. 

(^Report  by  THE  DIRECTOR.) 

At  six  p.m.  more  than  fifty  members  met  in  a  temporary 
enclosure  round  the  division  of  Geolog>'  in  the  Science  Hall. 
After  welcoming  them,  and  expressing  his  thanks  to  the  exhibitors, 
some  of  whom  had  kindly  come  to  answer  questions  relating  to 
their  own  portions  of  the  exhibit.  Dr.  Bather  passed  through  the 
Exhibit  illustrating  Modem  Methods  of  Palaeontological  Research 
from  beginning  to  end.  Here  it  is  only  possible  to  give  the 
briefest  abstract  of  his  remarks,  but  those  interested  are  referred 
to  the  list  of  books  and  papers  at  the  end  of  this  report  (pp.  546, 
547)- 

This  is  not  an  exhibit  of  fossils,  even  of  rare  fossils,  or  of 
specimens  with  a  purely  scientific  interest.  It  is  intended  to 
show  modem  methods  employed  in  the  study  of  fossils,  esfKrciaUy 
those  followed  in  this  country.     It  is  arranged  under  four  head- 
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ings  :   Collecting,  Preparation  and  Preservation,  Study,  and  Pre- 
sentation of  Results  (No.  15  in  list  at  p.  546). 

A.  The  Collection  of  Fossils. — We  do  not  exhibit  the 
ordinary  set  of  hammers  and  chisels,  or  show  the  casual  way  in 
which  people  too  often  collected  twenty  years  ago.  We  first 
illustrate  Zonal  Collecting  in  its  various  aspects,  and  naturally 
begin  with  a  set  of  Graptolites  shown  by  Professor  Lapworth. 
Wide  distribution  in  space  and  brief  distribution  in  time  combine 
to  make  the  successive  species  of  graptolites  excellent  zonal 
guides  in  the  older  rocks,  and  thus  enable  experts  to  work  out 
the  original  stratification  in  highly  disturbed  areas  (17).  These 
specimens  show  that  a  precisely  similar  succession  obtains  in  the 
Tarannon  rocks  of  the  South  of  Scotland  and  of  the  Lake 
District. 

Unlike  the  alternating  series  of  shales  and  limestones  of  the 
Ordovician  and  Silurian  rocks,  the  Carboniferous  Limestone 
forms  a  thick,  fairly  homogeneous  mass  over  a  large  extent  of 
country.  The  problem  of  splitting  this  into  zones  has  recently 
been  solved  by  Dr.  A.  Vaughan  (28),  who  here  exhibits  thin 
sections  of  various  species  and  genera  of  Corals,  illustrating  the 
minute  changes  of  form  found  in  these  and  other  animals  as  they 
pass  through  successive  horizons.  The  specimens  are  also  seleaed 
to  indicate  results  of  broader  evolutionary  importance  obtained 
by  zonal  collecting  in  the  Avonian  rocks,  as  explained  in  the 
Guide  (15). 

The  Ammonites,  like  the  graptolites,  present  a  rapid  sue 
cession  of  widely  distributed  species,  and  have,  therefore,  long 
been  used  to  distinguish  the  larger  zones  of  Jurassic  rocks.  The 
more  minute  division  now  possible,  owing  to  detailed  work 
on  the  genera  and  species,  is  demonstrated  by  our  leading  British 
authority,  Mr.  S.  S.  Buckman,  who  shows  Ammonites  character- 
ising the  zones  of  the  Inferior  Oolite  (12  and  11,  p.  ccv) 
Among  the  many  laws  of  evolution  exemplified  by  Ammonites  is 
the  fundamental  one  that  an  animal  in  its  individual  growth 
passes,  it  may  be  rapidly  and  imperfectly,  through  the  stages  that 
the  race  passed  through  before  it.  Thus  these  successive  species 
of  Parkinsonia  present  broadening  whorls  and  a  narrowing 
umbilicus,  changes  also  seen  in  the  growth  of  this  single  shell  of 
Parkinsonia  dorsetensis  (11,  p.  cxcviii). 

The  next  exhibit  explains  how  the  evolution  of  a  single  line 
of  descendants  has  been  used  to  work  out  the  zones  of  a  mass  of 
rock  even  more  homogeneous  than  the  Mountain  Limestone. 
Study  of  numerous  fossil  sea-urchins  of  the  genus  Micraskr, 
carefully  collected  foot  by  loot  from  successive  layers  of  the 
Chalk,  revealed  to  our  eminent  member.  Dr.  A.  W.  Rowe,  the 
minute  changes  that  invariably  accompany  the  upward  passage  of 
this  genus  through  the  rock  (22).  Among  other  members  of  this 
Association  who   have  put   this   discovery  to   practical  use  are 
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Messrs.  T.  H.  Withers  and  C.  P.  Chatwin,  to  whom  I  am  jxir- 
ticiilarly  indebted  for  this  beautiful  exhibit.  It  will  be  noticvd 
that  the  changes  are  very  gradual,  and,  though  certain  structures 
characterise  certain  zones,  still  structures  of  intermediate  form 
are  found  at  intervening  levels ;  at  no  level  can  a  definite  line  be 
drawn.  The  complete  series  of  evolving  forms  obtainable  from 
this  gradually  accumulated  rock  convinces  me  that  species  were 
transmuted  gradually  and  not  by  a  series  of  jumps. 

Preceding  exhibits  illustrate  the  collection  of  selected  species 
from  beds  of  rocks  deposited  in  successive  periods  of  time  ;  the 
next  one  represents  an  attempt  to  collect  all  the  species  living 
together  at  a  single  period.  These  specimens  have  been  collected 
by  Mr.  Lewis  Abbott  from  the  shell-bed  at  Swanscombe,  Kent 
(3),  from  excavations  at  the  Admiralty  buildings  (i),  and  from 
fissures  in  the  Kentish  Rag  at  Ightham  (2,  3,  and  20),  and  the 
period  is  that  when  man  first  appeared  in  that  part  of  the  country. 
Though  a  mere  sample  from  Mr.  Abbott's  large  collection,  and 
omitting  the  larger  fossils,  this  exhibit  gives  a  good  idea  of  thr 
fauna  of  S.E.  England  at  that  time,  and  enables  us  to  apprr- 
ciate  the  change  in  the  character  of  the  fauna  between  that 
remote  period  and  the  present  day.  The  change  is  of  three 
distinct  kinds — a  migration  northward  in  the  same  island  ,  a 
killing  out  within  these  isles  of  certain  species  which  survive  on 
the  continent ;  and  the  total  extinction  of  other  sptrcies. 

Mr.  Abbott  also  shows  the  apparatus  by  which  he  obtains  his 
specimens.  The  methods  chiefly  used  are  :  (a)  sifting  through 
sieves  of  varying  mesh;  (/v)  separation  of  small  light  fossils  by 
attraction  to  electrified  ebonite  or  amber;  (c)  separation  of  light 
fossils  from  loose  material  stirred  up  in  water,  by  slow  removal  of 
the  water  through  capillary  attraction. 

The  collection  of  fossils  from  a  formation  of  similar  loos(? 
composition  is  further  exemplified  in  Mr.  I''.  H.  Hiillcr's  (txhihit 
of  the  tools  used  by  Searles  V.  Wood  (179S  1K80)  to  pick  out 
shells  from  the  Crag,  when  forming  the  collections  now  in  the 
British  Museum  and  the  Ipswich  Museum  (10;. 

B.  The  Preparation  and  Pkeskkvation  or  I'ossii.s.  - 
When  fossils  have  been  collected,  the  next  stcj)  is  to  dean  thcni, 
and  this  is  a  step  many  people  seem  inclirjcd  to  omit.  Tixy 
seem  to  think  that  experts,  or  even  untrained  geologists,  ran 
name  and  study  specimens  while  all  details  <;f  structure  and 
ornament  are  still  obscured  by  matrix.  That  this  has  not  been 
the  case  in  the  past  is  proved  by  the  large  nuriib(;r  of  erroneous 
determinations  and  the  controversies  to  which  they  have  given 
rise.  Still  less  is  it  the  case  to-day,  when  the  determination  of 
specimens  depends  on  exceedingly  minute  |Kjinls.  As  <jne  wlir; 
is  constantly  being  asked  to  name  such  imp<;rfectly  cleaned 
material,  I  would  repeat  with  emphasis  the  ap{x-al  already  made 
to  you  by  Dr.  Arthur  Smith  Woodward  in  his  Presidential 
Proc  Geol.  Assoc.,  Vol.  XX,  Part  7,  i^.J  3« 
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Address  (30).  Much  may  be  done  by  the  simplest  tools  and 
methods,  such  as  are  here  illustrated.  But  often  the  more 
elaborate  methods  here  displayed  must  be  employed.  None  of 
these  methods,  however,  is  beyond  the  capacity  of  even  an 
amateur  collector,  if  only  he  has  enthusiasm  and  perseverance. 
The  two  golden  maxims  are  "  go  slowly  "  and  "gently  does  it" 

[The  Director  here  demonstrated  the  series  of  exhibits  that 
elucidate  cleaning  by  physical,  mechanical,  and  chemical 
methods.  Since  any  adequate  account  of  these  would  be  too 
long  for  this  Report,  he  has  published  a  special  paper  on  the  sub- 
ject in  the  Museums  Journal  {10).^ 

Many  fossils  are  so  fragile,  or  in  such  crumbly  material,  that 
they  must  be  hardened  before  being  handled,  while  others  need 
special^  treatment  if  they  are  to  be  preserved  in  a  cabinet  or 
museum.  [For  a  full  account  of  the  methods  illustrated,  and  the 
hardening  solutions  exhibited,  reference  should  be  made  to  the 
paper  just  mentioned  (10).] 

C.  The  Study  of  Fossils. — The  specimens  having  been 
cleaned,  the  next  thing  is  to  study  them.  Some  think  that  all 
they  have  to  do  is  to  name  them,  or  to  get  them  named.  This  is 
not  the  end  of  paleontology,  but  its  beginning.  The  object  of 
names  is  merely  to  enable  us  to  explain  to  others  in  a  rapid 
manner  what  objects  we  are  talking  about,  and,  while  they  must 
therefore  be  correct,  still  if  they  are  taken  as  the  end  of  study 
they  serve  merely  to  hinder  and  obscure  the  knowledge  of  facts. 

Descriptions  of  animals  and  plants,  both  recent  and  fossil, 
often  contain  such  words  as  "small,"  "large,"  "  thick,"  " thin," 
"  feebly  developed."  These  expressions,  like  the  classical  phrase, 
"  big  as  a  lump  of  chalk,"  have  no  meaning  except  to  their  user. 
Science  is  measurement,  and  nowadays  this  statement  is  as 
applicable  to  the  biological  sciences  as  it  has  long  been  to  the 
physical  ones.  Measurements  must  be  accurate.  Use  the  metric 
system,  but  do  not  stick  at  millimetres  ;  measure  to  tenths  of  a 
millimetre  or  less.  Use  accurate  instruments  such  as  these 
sliding  callipers  with  pointed  ends  and  a  vernier  scale,  made  by 
(i.  Boley,  Paris.  Measure  not  only  the  type-specimen  but 
thousands  of  specimens,  if  they  can  be  obtained,  and  construct 
graphic  curves  (13).  In  this,  as  in  all  parts  of  your  description, 
remember  that  what  is  detailed  enough  for  one  generation  is  of 
small  value  to  the  next.     Be  in  advance  of  your  time. 

The  structure  of  fossils  can  often  be  ascertained  only  by 
cutting  sections,  but  in  preparing  these  as  objects  for  the  micro- 
scope a  large  part  of  the  fossil  is  necessarily  destroyed,  and  it  is 
impossible  to  obtain  a  complete  series  like  those  used  by 
anatomists.  The  difficulty  is  evaded  by  grinding  down  the  sur- 
face and  making  drawings  with  the  camera  lucida  at  inten'als : 
such  are  the  sections  through  the  plates  of  a  Cystid  (S)- 
More  precise  work  is  rendered  possible   by  the  machine  con- 


VISIT  TO   THE   FRANCO-BRITISH  EXHIBITION.  543 

structed  for  Professor  Sollas  from  the  drawings  of  Mr.  Jervis- 
Smith  by  Mr.  R.  W.  Munro  of  King's  Cross  Road  (26).  Photo- 
graphs of  the  ground  surface  are  taken  at  known  intervals  and 
enlarged.  These  outlines  are  then  traced  on  waxed  sheets  of  a 
proportional  thickness  and  cut  out.  The  sheets  are  then  built  up 
into  an  enlarged  model  of  the  original  fossil,  such  as  the  repro- 
duction of  Monograptus  priodon  by  Mr.  Norris,  or  these  of 
Lapworihura  and  Palizospondylus  (27)  by  Professor  and  Miss 
Sollas.  Alongside  is  a  model  of  Palceospondylus  by  Dr.  Traquair, 
which  may  be  less  exact,  but  is  certainly  more  intelligible  to  the 
non-expert  than  is  the  one  produced  by  purely  mechanical  means. 

The  difficulties  to  be  contended  with  in  reconstructing  fossils 
are  manifest  in  this  series  of  Pierichthys :  first,  a  facsimile  of  the 
best  specimen  in  the  British  Museum  ;  next,  a  paper  model  by 
Hugh  Miller,  now  in  the  British  Museum  (photograph  by  Mr.  H. 
Herring) ;  lastly,  reconstructions  made  first  for  the  British  Museum 
and  afterwards  improved  by  Dr.  Traquair  for  the  Royal  Scottish 
Museum.  Three-quarters  of  a  century  has  it  taken  to  reproduce 
the  outer  form  of  this  creature,  whose  inner  anatomy  is  still  a 
subject  of  controversy. 

These  beautiful  models  of  Euryptenis,  made  by  Mrs.  Delta 
Blackman  for  the  British  Museum,  are  perhaps  the  most  accurate 
reconstructions  of  an  extinct  animal  that  have  yet  been  made, 
the  more  remarkable  since  the  species  lived  so  long  ago  as  the 
Silurian  Period  (7). 

Passing  over  this  reconstruction  of  the  Carboniferous  Arthro- 
pod Prestivichia  (melius  Euproops)  made  by  Mr.  F,  Bowcher,  the 
designer  of  the  Geological  Society's  Prestwich  Medal,  and  Mr. 
Crick's  most  instructive  model  of  the  Silurian  Cephalopod 
AscoceraSj  we  come  to  plaster  reconstructions  of  the  skulls  of 
three  mammals,  Moeriiherium^  Paiceo mastodon,  and  Prozeuglodon, 
based  by  Mr.  F.  Barlow  on  the  incomplete  specimens  collected 
by  Dr.  Andrews  in  the  Fayfim  and  drawn  in  these  plates  (6). 
Sketches  by  Miss  A.  B.  Woodward  represent  the  animals  as  they 
may  have  lived.  The  skull  of  a  giant  bird,  PhororhachoSy  was 
modelled  by  Mr.  Caleb  Barlow,  whose  recent  death  we  of  the 
Geological  Department  so  greatly  mourn  (5). 

When  fossils  are  preserved  only  as  impressions  or  external 
moulds,  it  is  necessary  to  take  a  squeeze  in  wax  or  some  plastic 
substance.  We  are  much  indebted  to  Mr.  E.  T.  Newton  for  a 
series  explaining  the  way  in  which  he  studied  the  reptilian  bones 
that  have  left  their  traces  in  the  Triassic  sandstone  of  Elgin  (19). 
The  cavities  arc  broken  open,  the  surface  wetted,  and  gutta- 
percha softened  in  hot  water  pressed  on  the  imprints.  The  gutta- 
percha is  laid  on  bit  by  bit,  each  piece  overlapping  its  predecessor. 
The  pieces  are  then  removed  and  built  up  into  the  semblance  of 
the  original  fossil,  their  edges  being  joined  by  melting  with  a  hot 
knife.     From  the  model  thus  obtained  a  plaster  cast  may  be  taken 
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in  the  ordinary  way.  Thus  was  made  this  wonderful  reproduction 
of  the  skull  of  Elginia  mirabilis. 

Every  group  of  fossils  requires  special  methods  in  its  study, 
according  either  to  the  nature  of  the  material,  or  to  the 
characters  that  it  is  necessary  to  elucidate.  In  so  far  as  our 
study  progresses  beyond  merely  superficial  and  elementary 
description,  the  more  elaborate  and  technical  are  our  methods 
and  terminology,  so  that  every  pioneer  is  abused  by  those  who 
will  not  be  at  the  pains  to  follow  his  advance  step  by  step. 
Although  Ammonites  are  such  common  fossils,  their  modem 
study  cannot  be  comprehended  by  the  light  of  nature  alone,  Mr. 
Bucicman  has  therefore  arranged  a  series  in  explanation  of  the 
various  features  utilised  in  their  description  (ii).  This  may  serve 
as  a  sample  of  the  kind  of  work  now  being  done  on  all  groups  of 
fossil  animals. 

The  botanists  have  long  since  reduced  the  descriptive  branch 
of  their  science  to  circumstantial  rule  expressed  in  elaborate  ter- 
minology. Here  we  have  preferred  to  show  some  examples  of  the 
recent  striking  advances  in  vegetable  morphology  obtained  by 
studying  the  plant  nodules  or  coal-balls  of  the  British  Coal 
Measures  (23).  The  whole  process  of  obtaining,  cleaning,  and 
cutting  these  remains  is  here  explained,  and  a  fine  series  of  the 
large  transparent  sections  made  by  Mr.  James  Lomax  is  exhibited. 
I'he  results  obtained  by  Messrs.  Oliver,  Scott,  Weiss,  and  others 
are  illustrated  by  the  photographs  and  models,  and  for  some  of 
the  latter  we  have  to  thank  Mr.  Smedley. 

C.  Presentation  of  Results. — Having  collected  our  fossils, 
having  cleaned  them,  having  studied  them,  and  having  got  to 
know  as  much  about  them  as  our  brains  and  time  will  allow  us, 
we  have  next  to  write  our  results.  But  before  doing  that  it  is 
very  important  to  know  what  other  people  have  said  on  the  sub- 
ject. No  one  wants  to  say  over  again  what  has  been  said  before. 
So  much  has  been  published  that  it  is  necessary  to  take  advantage 
of  those  valuable  aids  to  study  known  as  bibliographies  and 
indices,  of  which  we  have  a  few  here.  Let  me  impress  upon  you 
that  you  can  find  out  what  has  been  said  if  you  will  only  study 
these  (14,  24,  25). 

Having  written  your  paper — I  have  not  exemplified  here 
the  many  faults  into  which  people  may  fall  when  they  write  a 
paper  (4) — the  next  thing  is  to  illustrate  it.  Now  the  illustration 
of  Graptolites  presents  considerable  difficulties,  and  those  of  you 
who  have  seen  the  great  Monograph  of  British  Graptolites,  being 
published  by  the  Palieontographical  Society,  have  no  doubt 
observed  how  well  these  difficulties  have  been  overcome.  [The 
process  is  fully  described  on  pages  2  and  3  of  that  work  (18).] 
Here  are  the  microscope  used,  the  enlarged  drawings,  and  the 
reductions  to  natural  size  as  printed  in  the  plates.  In  this 
connection,  let  me  pass  on  to  you  the  advice  constantly  given 
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by  my  old  teacher,  Professor  Moseley :  "  Make  your  drawings 
large.  Then  you  will  not  be  able  to  fudge  your  work.  A  draw- 
ing cannot  be  too  large,  it  can  always  be  photographed  down  to  a 
size  convenient  for  publication." 

For  examples  of  the  photography  of  fossils  we  have  naturally 
had  recourse  to  Mr.  J.  W.  Tutcher,  of  Bristol,  with  whose  work 
you  are  familiar.  He  shows  also  a  photograph  of  the  apparatus 
used  by  him.  The  specimen  is  laid  flat,  and  the  camera  placed 
above  it,  thus  the  difficulty  of  fixing  the  fossil  is  avoided,  and  the 
lighting  can  easily  be  arranged.  It  is  important  that  all  figures  on 
a  plate  should  be  lit  from  the  same  quarter,  the  top  left-hand  is 
that  usually  adopted.  It  is  Mr.  Tutcher's  custom,  as  also  that  of 
Mr.  and  Mrs.  Clement  Reid  (21),  as  here  shown,  to  obtain  a 
white  background  by  placing  the  specimen  on  a  clear  glass  and 
reflecting  white  light  from  a  more  distant  expanse  of  white.  This 
is  an  unnatural  arrangement,  and  the  glare  of  the  white  back- 
ground renders  it  less  easy  for  the  eye  to  take  in  the  detail  of  the 
figures.  The  dark  background  used  in  this  plate  (9),  is  to  my 
eyes  far  more  pleasing.  This  plate  also  illustrates  the  process  of 
retouching,  often  necessary  when  the  fossil  presents  peculiar 
difficulties  which  the  camera  is  incompetent  to  overcome. 
Photographs  of  the  natural  size  have  been  greatly  enlarged, 
retouched,  and  then  reduced  in  the  course  of  preparing  the 
collotype  plate  in  question. 

The  methods  of  illustration  should  be  studied  by  all  who  write 
scientific  papers,  for  they  would  thereby  save  themselves  and  their 
editors  much  trouble  and  expense.  This  series,  incomplete 
though  it  is,  will  show  what  a  large  choice  of  methods  there 
is,  from  the  expensive  photogravure  down  to  the  cheap  zincotype. 
You  will  also  note  how  one  specimen  or  diagram  demands  one 
kind  of  technique  while  another  kind  is  better  adapted  for  a 
different  object  (16,  29). 

The  actual  publication  of  palaeontological  work  is  represented 
by  the  society  that  exists  for  that  sole  purpose — the  Palaeonto- 
graphical  Society.  Here  is  its  last  volume,  and  also  a  selection 
of  its  plates  during  the  last  sixty  years,  exemplifying  the  work 
of  the  leading  artists — Sowerby,  Bone,  Erxleben,  Scarle,  and 
others  (nor  let  us  forget  Phcebus  Apollo),  and  the  various 
methods  employed. 

On  the  motion  of  Dr.  Salter,  seconded  by  Mr.  G.  W. 
Young,  the  members  present  passed  a  vote  of  thanks  to  the 
Director,  who,  in  acknowledging  it,  said  he  had  not  wished  to 
frighten  them  by  showing  the  extent  and  difficulty  of  palaeonto- 
logical study,  but  rather  to  suggest  that  in  one  or  other  of  its 
departments  it  presented  a  field  to  any  and  every  member  of 
the  Geologists'  Association. 
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EXCURSION  TO  CULHAM  AND  ABINGDON. 

SaturdaTi  July  his,  190& 

Direaor:  Ijlbwbixyn  Tmucbss,  PjGLS> 
Excurshn  Secreiary :  W.  P.  D.  SnunmiG. 

(^R^ori  fy  Tee  DmcTos.) 

A  SMALL  party  started  from  Culham  Stalkm  at  la  oPdock,  and 
proceeded  westward  along  the  Abii^gdcm  Road.  The  first  halt 
was  made  near  Culham  College^  where,  oo  the  oppcMite  side  of 
the  road,  a  small  excavation  in  a  fidd  showed  8  ft.  of  wdl 
stratified  gravel  consisting  mainly  of  small  rolled  finpsents  of 
Jurassic  Limestone,  intermii^ted  with  wfaidh  were  a  few  large 
pebbles  of  red  quartzite,  smaller  ones  of  white  qnuts^  aod.c^ier 
contributions  from  the  northern  drift,  to^^ether  with  some  sub- 
angular  flints  and  many  derived  fossilis  chiefly  GrxfJkm  lASSsMIs 
and  broken  Ammonites.  Some  bones  of  ox  and  deer  from  the 
base  of  the  gravel  were  exhibited.  There  appears  to  be  an 
extensive  spread  of  this  gravel  hereabouts  at  levels  varying  from 
30  to  50  ft.  above  the  Thames. 

A  little  farther  along  the  road  a  turning  to  the  left  was  taken 
down  a  lane  towards  the  river  at  Culham  Lock,  and  the  small 
sand  pit  was  reached  which  was  visited  by  the  Association  five 
years  ago  and  described  in  the  Proceedings  by  Mr.  H.  J.  Osborne 
White,  the  Director  on  that  occasion.  It  exposes  about  10  ft.  of 
coarse,  current-bedded  sands,  or  small  pebbles,  of  Lower  Green- 
sand  age,  generally  in  a  loose  condition,  but  in  places  hardened 
into  large  irregular  masses  by  carbonate  of  lime,  probably  the 
result  of  the  decomposition  of  calcareous  fossil  remains.  Recog- 
nisable fossils  are  very  scarce,  none  being  seen  either  now  or  on 
the  previous  visit,  although  the  Survey  record  the  finding  of  three 
species  in  the  interval,  the  most  important  of  which  is  Exogyra 
sinuata* 

A  short  walk  to  the  river  bank  and  along  the  tow-path  down 
stream  brought  the  party  to  the  well-known  clay  pit  in  Culham 
brickyard,  which  has  been  noticed  by  several  writers  and  described 
by  John  Phillips  in  i860  and  by  Mr.  Osborne  White  in  1903. 
The  variations  in  the  descriptions  of  this  section  by  different 
observers  many  years  apart  may  be  accounted  for  by  the  fact  that 
as  the  face  of  the  excavation  is  cut  back  towards  the  east  new 
exposures  of  the  strata  come  into  view,  the  northern  ends  of  the 
old  ones  being  covered  up  under  the  spoil  bank. 

The  lower  half  consists  of  a  dark  sandy  clay  containing  many 

*  See  also  C.  G.  £.  Dawkins,  GtoU  Mag.,  2906.  p.  24. 
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fossils  belonging  to  the  fauna  characteristic  of  the  Hartwell  Clay, 
a  deposit  marking  both  lithologically  and  palaeontologically  the 
transition  from  the  Kimeridge  Clay  to  the  Portland  Sands. 
Besides  the  forms  previously  recorded  from  this  bed  there  may 
be  commonly  found  Area  lotigipuNctata  and  fragments  of  an 
Ammonite  near  to  Atn.  boidini^  the  latter  of  which  has  been 
recorded  by  J.  F.  Blake  from  the  Portland  Beds  of  Swindon. 

This  clay  passes  upwards  into  a  band  of  hard  sandy  limestone 
which  forms  a  conspicuous  feature  in  the  section.  Although  as 
at  present  exposed  it  is  only  a  few  inches  in  thickness  it  is  pro- 
bably the  representative  of  the  "  9  ft.  of  fine-grained  greensand  " 
seen  by  Phillips  at  the  western  end  of  the  pit  fifty  years  ago. 
Notwithstanding  the  opinion  expressed  on  the  1903  excursion 
that  Phillips  had  mistaken  some  material  slipped  from  the  higher 
parts  of  the  pit  for  this  sand  in  place,  the  Director,  after  due  con- 
sideration, sees  no  reason  to  doubt  the  description  given  by  that 
writer.  In  confirmation  of  this  view  the  President  remarked  that  he 
had  visited  the  section  twenty  years  ago,  and  remembered  having 
then  seen  some  feet  of  sand  in  about  the  position  of  the  limestone 
band.  The  variations  in  thickness  of  the  stratum  in  question 
may  be  owing  either  to  irregularities  in  its  original  deposition,  or, 
far  more  likely,  to  the  great  denudation  which  preceded  the  laying 
down  of  the  overlying  Gault,  and  at  this  spot  removed  rocks  of 
Portland,  Purbeck,  Wealden,  and  Lower  Greensand  ages,  all  of 
which  are  represented  in  the  neighbourhood,  as  it  is  hardly  pro- 
bable that  with  so  great  a  thickness  of  strata  missing  the  newer 
deposit  should  rest  quite  conformably  on  the  underlying  beds. 
The  remark  of  Phillips  that  the  sandy  deposit  seen  by  him  marked 
the  incoming  of  Portland  conditions,  although  the  fossils  of  the 
sands  were  identical  with  those  of  the  underlying  clays,  will  apply 
equally  well  to  this  limestone  band. 

Next  above  it,  and  resting  on  its  slightly  uneven  hard  nodular 
surface,  comes  a  tough  conglomerate  a  foot  or  so  in  thickness, 
consisting  mainly  of  small  pebbles,  like  those  seen  in  the  sand  pit 
above  mentioned,  held  together  by  clay  similar  to  that  coming  on 
above.  Intermixed  with  these  are  many  black  nodules  and  casts 
of  fossils  probably  derived  from  some  of  the  Portland  beds  of  the 
neighbourhood.  In  addition,  this  bed  contains  an  abundant  con- 
temporaneous fauna,  among  which  may  be  mentioned  Lima 
s^/obosa,  a  common  Selbornian  fossil,  and  Ammonites  beudanti, 
some  specimens  of  which  are  of  a  very  large  size.  Mr.  Osborne 
White  has  also  recently  found,  among  many  other  forms,  a  speci- 
men of  Ammonites  mammillatus.  The  presence  of  these  fossils 
seems  to  prove  that  the  pebbly  bed  represents  the  Ammonites 
mammillatus  zow^y  and  further  that  this  zone  constitutes  the  true 
basement  bed  of  the  Gault  rather  than  the  topmost  bed  of  the 
Lower  Greensand. 

All  the  clay  seen  above  the  conglomerate  is  ordinary  Lower 
Proc.  Geol.  Assoc,  \ou  XX,  Part  7,  1908.]  39 
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VfSiuh  belonging  to  the  Ammomtis  t/ifermfi/uszonet  in  which  ihe 
zonal  fossil  is  abundant 

On  leaving  Culham  day  jit^  ttm  party  crossed  the  Thames  by 
the  toll  bridge  and  continued  die  journey  through  Sutton 
Courtney  to  the  eastern  end  of  the  village  of  Drayton,  where 
another  stop  was  made  to  examine  tome  gravel  pits  by  the  side  of 
a  lane  leading  south  from  the  main  road.  The  land  surface  here 
is  about  30  It  above  the  pfeaant  river  level,  and  the  gravel 
belongs  to  the  second  and  most  widely  spread  of  the  terraces  of 
the  Upper  Thames  VaUey.  In  these  pits  it  is  much  current- 
bedded,  and  its  constituents  are  practically  the  same  as  those  of 
the  gravel  near  Culham  CoUq;e^  l>ut  in  addition,  many  large 
angular  pieces  of  Malmstone  were  noticed,  oontatniitt  casts  of  tbe 
characteristic  fossil  Grammaiodom  iorinaim^  lAAdk  show  that 
although  it  is  essentially  a  Thames  gravd,  it  im  wcH  witiun  tbe 
influence  Of  the  Ginge  Brook,  a  stream  litidx  dndns  tbe 
Selbomian  country  to  the  south-west  A  tofiboeons  deposit 
encrusts  many  of  the  stones,  and  in  places  holds  them  together  in 
a  sort  of  conglomerate.  As  elsewhere  in  th»  temoe  the  pavd 
contains  many  contemporaneous  mammalian  bones,  a  collection  of 
which  from  these  pits  has  been  made  by  Mr.  Eli  Caudwell,  of 
Blewbury,  who  was  unfortunately  prevented  by  illness  from 
attending  the  excursion. 

Passing  through  Drayton,  a  brief  visit  was  paid  to  the  brick- 
yard at  the  western  end  of  the  village.  The  pit  here  in  Kim^dge 
Clay  was  found  to  be  so  completely  filled  with  water  that  nothing 
could  be  done  beyond  looking  over  the  heaps  of  clay,  whidi 
yielded  but  few  fossils.  The  following  have  been  collected  here 
by  Mr.  John  West,  of  Abingdon,  and  Mr.  R.  N,  Carew  Hunt,  of 
Bradfield  College :  Ichthyosaurus^  Plestosaurus^  Ostrta  deltaidea^ 
Astarte  ovata^  Cardium  striatulum^  Trigonia  (cast),  and  fragments 
of  Ammonites.  As  the  party  was  leaving  the  yard  a  workman 
appeared  with  a  large  basket  containing  a  great  number  of 
specimens  of  Thracia  depressa. 

Although  the  next  section  lies  scarcely  three  miles  in  a  direct 
line  from  Drayton,  it  was  found  necessary  to  take  a  long  and 
circuitous  drive  of  nearly  double  that  distance  to  reach  it  The 
route  lay  past  the  western  suburbs  of  Abingdon,  through 
Marcham  to  "  Noah's  Ark,"  the  name  of  an  inn  on  the  main 
road  from  Wantage  to  Oxford.  North-west  of  the  inn  the  uneven 
surface  of  the  fields  gave  evidence  of  old  quarrying  operations  of 
considerable  extent,  the  limestone  of  the  Corallian  formation 
having  formerly  been  worked  here  for  lime  burning.  Noah's  Ark 
limekiln  is  a  thing  of  the  past,  and  the  only  pit  now  open  is  a 
small  one  about  10  ft.  deep  near  the  road.  At  the  bottom  about 
3  ft.  of  Lower  Calcareous  Grit  was  seen  consisting  of  the  usual 
sand  with  doggers.  Above  this  comes  18  in.  of  the  hard,  shelly 
flagstone  of  the  Coralline  Oolite,  which  is  here  less  fossiliferous 
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and  consequently  less  developed  than  usual  It  is  overlaid  by 
4  ft.  of  fine  to  coarse  rubbly  oolite  and  brash  containing  many 
specimens  of  Echinobrissus  scutatus  and  a  few  of  Myacites,  The 
topmost  bed  is  i  ft.  of  Coral  Rag  almost  entirely  made  up  of 
broken  corals,  chiefly  Thecosmilia  annularis^  on  one  of  which  was 
noticed  a  zoarium  of  Stamatopora.  Neither  tests  nor  spines  of 
Cidaris  florigemma  were  seen,  though  it  is  so  characteristic  of  this 
bed  in  Berkshire. 

In  one  part  of  the  section  the  soil  and  subsoil  to  a  depth  of 
3  ft.  appeared  to  have  been  removed,  and  the  excavation  filled  up 
with  burnt  earth  and  wood  ashes,  amongst  which  were  noticed 
pieces  of  ancient  pottery,  of  bones,  presumably  human,  and 
of  Niedermendig  lava.  Mr.  Neville  Aldworth,  the  owner  of  the 
quarr)',  informs  the  writer  that  over  some  thirty  acres  of  ground  to 
the  north  of  it  he  has  dug  up  a  great  number  of  lead  and  stone 
coffins  containing  bones  and  jewels,  also  urns  full  of  ashes.  The 
late  Dr.  RoUeston  of  Oxford  put  the  date  of  this  burial  place  in 
the  transition  period  between  Roman  and  Saxon  times. 

Leaving  the  inn  by  the  north  road,  the  drive  was  continued 
through  the  hamlet  of  Frilford  to  Frilford  Heath,  which  is  now 
enclosed.  The  soil  is  very  light  and  sandy,  the  denudation  of  the 
upper  Corallian  beds  having  left  the  Lower  Calcareous  Grit 
exposed  at  the  surface.  A  quarry  on  the  east  side  of  the  road 
showed  about  10  ft.  of  loose,  current-bedded,  sands  with  masses 
of  hard  stone  which  take  two  distinct  forms,  one,  as  a  rule  in  the 
lower  part  of  the  section,  being  of  the  round  or  oval  dogger  type, 
the  other  that  of  evenly-bedded  flagstones  which  break  with  a 
rectangular  fracture.  The  only  fossils  noticed  were  a  few 
specimens  of  Exogyra  nana  from  the  sands  and  one  of  Am, 
£ordatu$  from  the  flagstones. 

Turning  eastward  again  towards  Abingdon,  the  entrance  to 
the  more  westerly  of  the  Marcham  Field  quarries  was  soon 
reached.  The  quarry  itself  lies  some  distance  off"  the  main  road, 
near  Sheepstead  Farm.  It  has  been  often  described,  and  on  two 
previous  occasions  been  visited  by  the  Association.  The  section 
shows  all  the  Upper  Corallian  Beds,  from  the  Coral  Rag  down- 
wards, and  also  some  thickness  of  the  I^wer  Calcareous  Grit. 
The  strata  dip  towards  the  south-east,  but  owing  to  the  general 
slope  of  the  ground  being  greater  in  the  same  direction  lower  beds 
come  to  the  surface  at  that  end  of  the  quarry.  At  the  northern 
end  the  Coral  Rag  is  6  ft.  thick,  and  has  its  upper  half  consoli- 
dated into  a  compact  rock,  below  which  it  consists  almost 
entirely  of  Thecosmilia  annularis  in  a  very  broken  condition.  All 
the  underlying  beds  as  described  by  Mr.  H.  B.  Woodward  were 
found  to  be  well  exposed,  and  the  opportunity  was  taken  advan- 
tage of  for  collecting  the  numerous  species  of  fossils.  Besides 
examples  of  most  of  those  already  recorded  the  following  were 
found  :  Small   fish   teeth,  common    in  the  sands  of  the  Lower 
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Calcareous  Grit,  Neritopsis  decussatOj  Avicula  expansa^  Waldhdmia 
margarita,  Btrenicea^  and  Astropecten  rectus.  Among  the  con- 
stituents of  the  hard  shell  beds  were  noticed  pieces  of  a 
substance  resembling  the  "Beef"  of  the  Purbeck  Beds.  They 
appear  to  have  been  derived  from  some  older  beds,  or  at  least 
rearranged,  as  many  were  covered  with  small  oysters,  Serpulae  and 
Bryozoa.  A  large  heap  of  blocks  of  the  Natica  Bed  came  in  for 
a  good  deal  of  attention,  but  the  excessive  hardness  of  the  stone 
prevented  much  execution  being  done  on  the  many  fossils  con- 
tained therein.  Its  being  composed  mainly  of  internal  casts  of 
shells  surrounded  by  hollows  from  which  the  shell  substance  has 
been  dissolved  gives  this  stone  a  peculiar  honey-combed  appear- 
ance, and  Mr.  Walter  Gall,  of  Marcham,  the  owner  of  the  quarry, 
informs  the  writer  that  it  is  in  consequence  in  great  demand  for 
grottoes  and  rustic  rockwork,  being  sent  to  long  distances  for  the 
purpose. 

Having  spent  nearly  an  hour  here,  the  members,  finding  that 
time  did  not  permit  of  a  visit  to  Mr.  Long's  quarry  in  the 
adjoining  field,  departed  direct  for  Abingdon,  where  on  their 
arrival  they  were  hospitably  entertained  by  Mrs.  H.  S.  Reynolds 
at  her  residence,  "  The  Gables."  After  tea,  under  the  guidance 
of  their  hostess,  they  made  a  rapid  inspection  of  the  old  alms- 
houses and  some  other  antiquities  of  the  town,  leaving  Abingdon 
by  the  6.40  train  for  London. 
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Pre-historic   Man   and  Recently   Extinct  Mammalia,   viii,  329 

(No  paper). 
6.  "Flightless  Birds,"  commonly  called  "Wingless  Birds,"  Fossil 

and  Recent;  and  a  few  words  on  Birds  as  a  Class,  ix,  3S2. 
7.  Geology    and    Palaeontology    (Presidential     Address,     Session 

1873-4;   Separate  Paper). 

8.  Man  and  the  Mammoth  (Issued  separately  1869). 

WOODWARD,  H.  B.     Geological  Boundary  Lines,  iv,  262. 

2.  The  Glacial  Drifts  of  Norfolk,  ix.  111. 

3.  Notes  on  the  Rhaetic  Beds  and  Lias  of  Glamorganshire,  z,  529. 

4.  Brief  Notes  on  the  Geology  of  the  Mendip  Hills,  xi,  481. 

6.  Geological  Zones,  xii,  295. 

6.    Geology  in  the  Field  and  in  the  Study  (Presidential  Address), 

xiii,  247. 

7.  Notes  on  Skye,  xv,  444  (No  paper). 

WOODWARD,  L.  M.    Science  applied  to  Practical  Agriculture,  i,  159. 
YOUNG,  G.  W.    The  Chalk  Area  of  North-East  Surrey,  xix,  188. 
2,  The  Chalk  Area  of  Western  Surrey,  xx,  422 
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Addington    Hills.— Klaassen,    H. 

M.,  2. 
Africa,    South,    Diamond    Fields, 

&c.— Cooper,    G.     C. ;     Hudle- 

ston,  W.  H.,  10;  Paterson,  J. 
Agates,     Formation     of. — ^Abbott, 

W.  J.  L. 
Agriculture  and  Science. — ^Wood- 
ward, L.  M. 
Aldrington,  Sussex,  Raised  Beach, 

&c.— Chapman,  F.,  5. 
Alluvium. — Kcnnard,    A.    S.,    3; 

Spurrell,  F.  C.  J. 

See  also  Drift. 
Alpine  Flora. — Crombie,  J.  M. 
Alps.     Petrology     and     Physical 

History.— Bonney,  T.  G.,  6. 
,    Saas-lTial    and    Geneva. — 

Hall,  M. 
Alton,  Gault  Fossils.— Curtis,  W. 
Amberite  in  Coal. — ^Xloody,  T.  P. 
America,     Archaean     of. — Hicks, 

H.,  6. 
America,    South,    Distribution   of  ; 

Fossils  of.— Blake,  C.  I 

AmmonitesjClassification. — Blake,  1 

J.  F.,  12. 
,   Evolution  &  Classification, 

Blake,  J.  F.,  10. 
,  Zones  in  Thanet. — Bedwell, 

F.  A. 
Anglesey. — Blake,  J.  F.,  11. 
Antrim. — McHenry,  A. 

,      "Crater      Necks,*'      &c.— 

Williams,  W.  Mattieu. 
Appleby  District.— Marr,  J.  E.,  8. 
Aptychus    from    Gravel. — Wethe- 

rell,  N.  T.,  2. 
Archaean,      American      compared 
with  Pre-Cambrian  of  Europe. — 
Hicks,  H.,  6. 
Arcidte^     Palaeozoic. — Loblcy,     T. 
L.,  7. 

Arctic    Geology. — De    Ranee,    C. 

Eo 
.,  ... 


Ardennes,     Meuse    Valley. — Bon- 
ney, T.  G.,  5. 

Arthur's  Seat.— Taylor,  A.,  1  &  2. 

,  Igneous  Rocks. — Bonney,  T.. 

G.,  2. 

And  see  Goodchild,  J.  G.,  7. 

Australia,     Bendigo. — Guppy,    R^ 
J.  L.,  1  &  3. 

Auvergne. — Bonney,  T.  G.,  7. 

,  Fossil  Plants.— Marty,  P. 

Avonian :    Burrington,  Combe,  &■ 
Cheddar.— Sibly,  T.  F. 

,   Coral  Zones  of. — Vaughan, 

A. 

Baggy  and  Pilton  Beds,  Devon. — 
Whidborne,  G.  F. 

Bajshot     Beds,     Fish     Teeth.— 
Coomdraswdmy,  A.  K. 

,  Hampshire  Basin.— Gardner^ 

J.  S. 

,   London  Basin. — Irving,  A.^ 

3  &  4. 

,      Pebble-Beds      &      Pebble- 
Gravel. — Monckton,  H.  W. 

,  Shcppey. — Duncan,  F. 

See  also  Eocenes. 

Ba^shot  District,  Geology  &  Phy- 
sical Features.— Jones,  T.  R.,  6. 

Banbury  &  Cheltenham.— Beesley, 
T. 

Barnwell      Gravels,     MoUusca. — 
Woodward,  B.  B.,  2. 

Basalt,  Columnar. — Curry,  J.,  3. 

,  Formation  of. — Bonney,  T. 

G.,  4. 

,  Sauchie. — Goodchild,  T.  G  , 

6.  »  J        » 

,     Swallow    Cliff    &    Uphil! 

(Microscopic  Structure). — Slade» 

J.,  2. 
Battcrsea,    Section    at.— Coombs, 

J.  A. 
Bedfordshire    Clays.  —  Cameron,. 

A.  C.  G. 
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Belgium,  Carboniferous.  —  Du- 
pont,  £. 

,  Devonian. — Dupont,  E. 

,  Palaeozoic. — Gosselet,  J. 

,  Southern,  Books  on. — Top- 
ley,  W.,  2. 

Berkshire,  Chalk.— Chatwin,  C.  P. 

,  Upton  &  Chilton. — ^Jukes- 
Browne,  A.  J. 

,  Westleton  &  Glacial  Gravels. 

—White,  H.  J.  O.,  2. 

Berwyn  Hills. — Lomas,  J. 

Birds,  Fossil :  Eocene  of  Croy- 
don.—Newton,  E.  T.,  4. 

Flightless  &  General. — ^Wood- 
ward, H.,  6. 

Birmingham. — Lapworth,  C,  5. 

,  Glaciers  of  Midland  Coun- 
ties.— Harrison,  W.  J.,  2. 

,      Petrology     of     District. — 

Watts,  W.  W.,  3. 

Blastoids. — Carpenter,  P.  H. 

Bone-beds  in  Sedimentary  De- 
posits.— ^Roberts,  G.  E.,  8. 

,  Upper  Ludlow. — Hinde,  G. 

J.,  2. 

Bone-Caves  in  Wales.— Hicks,  H., 
7  &  9. 

Boulogne,  Boulonnais,  The. — 
Barrois,  C. 

,    Entomostraca    (Purbeck). — 

Jones,  T.  R.,  8. 

,    Recent    Marine    Deposit. — 

Rose,  C.  B.,  4. 

Boulonnais,  The.— "Barrois,   C. 

Boundary  Lines. — Woodward,  H. 
B. 

Brachiopoda,  Ludlowian. — Buck- 
man,  S.   S. 

,  Stratigraphical  Distribution. 

— Lobley,  J.  L.,  2. 

Brighton.— Howell,  J.,  1  &  2. 

Bristol.— Sollas,  W.  J. 

,    Igneous  Rocks.— Reynolds, 

S.  H.  ^ 

,     Rhaetic  Section.— Wickes, 

W.  H. 

British     Association,     Edinburgh, 

1871. — Hopkinson,  J. 
British      Geology,      Fifty     Years' 

Progress  in.— Rudler,  F.  W.,  3. 
Brittany,  Central.— Barrois,  C,  3. 
BromIe>,  Excursion  to. — Ramsay, 

A.,  Junior. 

Burrington  Combe,  Carboniferous 
Limestone.— Sibly,  T.  F. 

Cambrian,  Classification  of.— 
Hicks,  H. 


Cambrian,     kamsey    Island,    St 
Davids.— Hicks,  H.,  2. 
See  also  Palaeozoic,  &c. 
Cambridgeshire,  Upper  Greensand 
or  Chloritic  Marl. — Bonney,  T. 
G. ;    Fordham,   H.   G. ;   Seelcv, 
H.  G. 
Canada,     Glacial    Distribution.— 
Honeyman,  D. 
See  also  Nova  Scotia. 
Ca/«/«j.— Boulger,  G.  S.,  5. 
Carboniferous,      Avonian.— Siblv, 

T.  F. ;   Vaughan,  A. 
,  Burrington  Combe  &  Ched- 
dar.—Sibly,  T.  F. 

,  Coral  Zones  of  Avonian.— 

Vaughan,  A. 

,  Derbyshire.  —  AmoW-Bem- 

rose,  H.  H. 

,     Entomostraca. — Jones,    T. 

R.,  11. 

,  Forest  of  Dean.-Wethered,  E. 

,  Insecta. — Goss,  H.,  4. 

Land    Surfaces,    Relics  of.— 

Woodward,  H.,  2. 

,  Polyzoa. — Etheridge,  R. 

See  also  Coal. 
Carnarvonshire. — Blake,  J.  P.,  11. 
Caterham,      Oldhaven     Beds.— 

Holmes,  T.  V.,  4. 
Caves.— Boulger,    G.    S. ;    Hicks, 

H.,  7  &  9. 
Cephalopoda,     Chief     Groups.- 
Wilt.«;hire,  T.,  3. 

,    F volution   &   Classification. 

Blake,  J.  F.,  10. 

,  Silurian. — Blake,  J.  F.,  3. 

See  also  Ammonite. 
Chalk,     Ammonite     Zones.— Red- 
well,  F.  A. 

,    C  atworth    (Hunt>).— 

Cameron,  A.  C.  G.,  2. 

,    Croydon. — Diblev,    G.    K. ; 

Evans,  C,  11  &  12;  Jukes- 
Browne,  A.  J.,  4;  Young,  G.  W. 

,  Devon.— Rowe,  A.  W.,  4. 

,    Distribution    and    Subdivi- 
sions of. — Morris,  J.,  5. 

,  Dorset.— Rowe,  A.  W.,  2. 

,    Dover. — Mackie.   S.   J.,  4; 

Rowe,  A.  W.,  1  &  3. 

,  Genesis  of. — Hume,  W.  F. 

,  Gravesend. — Dibley,  G.  E. 

Index  to  Dr.    Rowe's  Papers. 

— Sherborn,  C.  D.,  6  &  7, 

,     Kent.— Bedwell,     F.     A.; 

Chapman,  F. ;  Dibley.  G.  E.; 
Dowker,  G.  ;  Evans,  C,  11; 
Rowe,  A.  W.,  1  &  3;  Wetherell, 
J.  W. ;   Whitaker,  W.,  3. 


rs3  TvrcxairoT^is;. 


Chalk,  LaninL— ^ItEMEr^  TT^  i 
LTinaTL    H.J^fS■^r. — Zzvuihxsr. 

.  Marge*. — 5er»»:u,    * .   _»-  i 

,  X«m  Sp:c4». — r:rrtfif.   j--  J  - 

Red.— Wiil'tf'-e.  T. 

,  R'cbfrSir  — Di'i;*^.  G.   £_ 

,     ^3rT€j. — Dibl-fiT.     G.     E. ; 

Evan*.   C.'.    II:    Jzifr*-Bri»:i*. 

A.  J.,  4;  Yoc::*.  G.  W.  1  i  i 

,  SBSser.— R3»*.  A.  W. 

,  Swansc  :-=:be. — Cbapcian.  F. 

,    Thames    Valler. — Chatwii, 

C.  P. 
.    Thaaci.— BedwcII,    F.    A.; 

Dowkcr,  G. ;   Rowe.  A.  W. 
,  Vertebrates. — Wocxiward,  A. 

S.,  3. 
,   Wight,    Isle   of.— Rowe,   A. 

W..  6. 
,  Yorkshire. — Barrois,  C,  2; 

Blake,  J.  F..  2;  Lamplugh,  G. 

W.,  2;    Rowe,  A.   W.,  5. 
Channel  Tnnnel.— .y^^  De  Ranee,  . 

C.  E.,  4. 
Chamwood  Foresrt,  Felsitic  Agglo-  I 

merate. — Bennett,  F.  \V. 
,    Microscopic    Characters    of  , 

Rocks.— McMahon,  C.  A. 
Cheddar,      Carboniferous     Lime- 
stone.—Sibly,  T.  F. 
Cheltenham. — Beesley,  T. 
Chert. — ^Raisin,  C.  A. 
,   Rhaxella. — Newton,    E.   T., 

11. 
Cheshire,  New  Red  Sandstone.— 

Mitchener,  J.  H. 
Chesil    Bank.— Tomlinson,  C,  6. 
Church    Stretton,    Unconformities 

near. — Cobbold,  E.  S. 
Classification    of    Rocks.— Blake. 

J.  F.,  5. 
,  Petrographical.  —  Rencvier, 

,   Proposed.— Bonney,  T.    G., 

u. 

Clay,   Bedfordshire.  —  Cameron, 

A.  C.  G. 
,     Plasticity     and     Odour. — 

Tomlinson,  C.,  3. 


^-  yirs;. — ^TiT-jcc.  A^ 

D^-raw  J.  W. 

.  l.A:=cA<&rnc> — De  Raaoe«  C. 

.  Persian.— PaTies.  D.  C*  3. 

.  riazt?.— M  >CTis.  J,,  ± 

,    ScwiSi    WAles.— Radler*    F, 

W.,  4. 
Cclcrado,  Trip  is  ISSO,— Pattison. 

S.  R.,  i 
C?=creti:n5,  Yc^redale, — Hind«  \\\ 
CrniferiP- — Gardner.  I.  S..  3^ 
Corals,  Fcvs&il,  Dijitribution  of. — 

RuiJey,  S.  O. 
.     Oolite,     Hook     Norton. — 

Tomes,  R.  F. 
Cordierite.— Teall,  J.  J.  H.,  5. 
C/^mwall,    A    Mining    District. — 

Lobley,  J.  L. 
.  Central  and  West. — Collins* 

J.  H. 
Corypkcdon       cro  vJottrtsis, — New» 

ton,  E.  T.,  3.  * 
Crag.— Harmer,  F.   W. 
,  Catalogue  of  Species. — Bell, 

A.,  1  vV  2. 
.     Gautla    davitsiL — Hinton» 

M.  A.  C,  4. 
,    Invertebrate    Fauna. — Bell, 

A. 
,  Sharks*  Teeth,  Perforations. 

— Burrows,  11.  A. 
,  Stratigraphical  divisiions  of. 

—Bell,  A. 
,      Yarmouth,      Re-depoidted 

Shells.- Ro.se.  (\  B.^  2. 
Cretaceous,        Cambridgenhire.-* 

Bonney,  T.   (i. 
,    l>e|K)sitM,    (trouping    of.— 

Jukcs-Brownc,  A.  J.,  2. 
,  DevixcH.— Juket*  Brownr,  A. 

Jm  2. 

.  Norf<)lk.-Rc)ne.  (\  H.,  3. 

.    SharkM*    Trrth    (HillUh).— 

Woodward,   A.  S.,  H. 
.  SwHimKr  Httv.         Fordhfttti, 

II.  (;..  2. 
—  ,    l^ptc.M   «f    (Million.    Jukfii* 

Brc}wn««,   A.  J. 

Sff   iiiitt   ('hulk,    Upprt    (if«i»n* 
NMrid,  (imill,  /Irr, 
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Crinoids.— Caxpenter,  P.  H. 
Crocodiles,  Fossil.  —  Woodward, 

A.  S. 
Croydon,  Bird,  Eocene. — Newton, 

E.  T.,  4. 
'-,   Chalk.  —  Dibley,   G.   E. ; 

Evans,    C,    11    &    12;     Jukes- 

Browne,  A.  J.,  4;  Young,  G.  W. 
,  Coryphodon.  —  Newton,  E. 

T.,  8.  .    . 
,  Lower  London  Tertiaries. — 

Klaassen,  H.  M. 
,   Pema^   new   species. — New- 
ton, E.  T.,  2. 
Crystallography   and   Mineralogy. 

—Mitchell,  W. 
Cuestas,  Drainage  of. — Davis,  W. 

M. 
Cumberland,  Eden  Valley.— Good- 
child,  J.  G.,  5. 
,    North   of   Lake    District.— 

Holmes,  T.  V. 
,    North    West.— Holmes,    T. 

v.,  5. 
Deep-Sea   Investigation.  —  Hudle- 

ston,  W.  H.,  8. 
Deposits,  Recent,  in  British  Seas. 

— Lebour,  G.  A. 
,     Types     of     Geological. — 

Monckton,  H.  W.,  11. 
Derbyshire. — ^Arnold-Bemrose,    H. 

H. 
Devizes. — ^Jukes-Browne,  A.  J.,  2. 
Devon,  Chalk.— Rowe,  A.  W.,  4. 

,  Palaeozoic. — Hicks,  H.,  10. 

,  Pickwell  Down,  &c..  Fauna. 

— Whidborne,  G.  F. 

,  Rhaetic,  &c. — Richardson.  L. 

,  South.— Ussher,  W.  A.  E. 

,   Torquay. — ^Jukes-Brown,   A. 

J.,  5. 
Devonian,  South  Devon. — Ussher, 

W.  A.  E. 
,   Torquay.   —  Jukes-Browne, 

A.  J.,  5. 
,  Upper  Limits  of. — Pattison, 

S.  R. 
Diamonds,         South         Africa. — 

Cooper,  G.  C. ;   Hudleston,  W. 

H.,   10;    Paterson,  J. 
Diatomaceae.— Hislop,  W.,  2. 
Dinosaunoy  The. — Seeley,   H.   G., 

Diprionidae  of  the  Moffat  Shale.— 

Lapworth,  C. 
Dorking,      Lower      Greensand.— 

Boulger,  G.  S.,  6. 


Dorset,  Chalk.— Rowe,  A.  W.,  2. 
,  Rhaetic,  &c.  —  Richardson, 

L. 
Dover. — ^Mackie,  S.  J.,  4;  Rowe, 

A.  W.,  1  &  3. 
Drift,  Aldrington. — Chapman,  F., 

5. 
,    Blackfriars  Road.  —  Evans, 

C. 
,  Central  and  Parts  of  South- 
ern    England. — Salter,    A.    E., 

1,  2,  3. 

,  Ealing. — ^Allen-Brown,  J. 

,    East    Anglia. — Harmer,  F. 

W. 
,  Essex  and  Suffolk.— Brown, 

,  Flint  Implements  in. — ^Mac- 

kie,  S.  J.,  2. 
,    Hanwell    and   Iver. — ^Allen- 
Brown,  J.,  4. 
,  Hunstanton. — ^Woodward,  B. 

B. 
,   London.  —  Wliitaker,  W., 

2  &  3. 
,      London      N.      Glacial.— 

Walker.  H. 

,  New  Zealand. — Hector,  J. 

,  Norfolk,  Glacial.  —  Wood- 
ward, H.  B.,  2. 
,  North  Kent. — Goodchild,  J. 

G. 
,      North     Wales     Border.— 

Davies,  D.  C,  5. 
,    North -West   Cumberland.— 

Holmes,  T.  V.,  5. 
,  Opercula  of  Ammonites  in. 

— Wetherell,  N.  T.,  2. 
,     South  -  East     England.— 

Pickering,  J. 
,   Upton  &  Chilton,   Berks.— 

Jukes-Browne,  A.  J. 

See  also  Pleistocene,  Gravel,  &c. 
Dublin.— Sollas,  W.  J.,  2. 
Dudley       Geological       Societv.— 

Richardson,  C.  T. 
Dulwich,   Sections   at. — Leighton, 

T.  ;   Rickman,  C. 
Dumess-Eriboll    District.  —  Lap- 
worth,    C,   2. 
Ealing,     Glacial     Deposits     at— 

Allen-Brown,  J. 
Earthquake,     East     Anglia.— Mel- 

dola,  R. 
East     Anglia,     Earthquake.— Mel- 

dola,  R. 
.  Later  Tertiary. — Harmer,  F. 

W. 
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£chinoid«a,    British   Cainozoic. — 
Gregory,  J.  W. 

,  Cretaceous. — Cresy,  E. 

Eden  Valley.— Goodchild,   J.   G., 
5. 

Edinburgh,  Rocks  around. — Good- 
child,  J.  G.,  7. 
And  see  Bonney,  T.  G.,  2. 

England,    S.E.,    Drift,   various.— 
Pickering,  J. 

,  Geology  of. — Mackie,  S.  J. 

Entomostraca,  Aldrington. — Chap- 
man, F.,  5. 

,  Carboniferous.  —  Tones,  T. 

R.,  11. 

,  Chalk. — Chapman,  F. 

,  Jurassic. — Chapman,  F.,  8. 

,  Palaeozoic. — ^Jones,  T.  R.,  12. 

,  Pleistocene. — Chapman,  F., 

2&5. 

,    Purbeck. — Chapman,    F.,  4 

&  6;  Jones,  T.  R.,  8. 

Eocenes. — ^Whitaker,  W.,  3. 

,    British    and    Deposition. — 

Gardner,  J.  S.,  2. 

,  British,  Revision  of  Lower. 

—Harris,  G.  F. 

,  Leathery  Turtles  .—  Wood- 
ward, A.  S.,  2. 

,  Paris  Basin.— Harris,  G.  F., 

,  Teeth  of  Sharks  and  Skates. 

—Woodward,  A.  S.,  10. 
Eriboll.— ^S"^^  Durness-Eriboll  Dis- 
trict, 
Erosion,  Recent,   near  Stirling. — 

Monckton,  H.  W.,  2. 
Eryma  elegant^  Inferior  Oolite. — 

Monckton,  H.  W.,  6. 
Essex,  Fossil  Mammalia  and  Drift 

in. — Brown,  J. 
Excursion,   First  of  the   Associa- 
tion (to  Folkestone).— i,  47. 
Experimental      Geology. — ^Rudler, 

F.  W.,  5. 
Extinct  Animals,  Restoration  of. — 

Blake,  J.  F. 
Faunas  in  connection  with  Floras. 

— Boulger,  G.  S.,  4. 
Fife,      Bon©  -  bed,     Kinghorn.— 

Traquair,  R.  H.  \ 
,  Excursion  from  St.  Monans  ■ 

to  Elie.— Geikie,  J.,  2.  ; 

Filey  Brigg.—Litchfield,  E.,  2. 
Finchlcy,    Occurrence   of   Peat. — 

Ives,  J.  T.  B. 
,    Well    Section.— Evans,    C. 

10.  '        ' 


Fishes,  Fossil,  Bagshot  Sands. — 

Coomdraswdzny,  A.  K. 
,  Bone-bed  in  Fife. — Traquair, 

R    H 
';   Chalk.— Woodward,    A.   S.> 

3. 
,  Cretaceous,  British. — Wood- 
ward, A.  S.,  8. 
,  Eocene.  —  Coomdraswdmy, 

A.  K. ;  Woodward,  A.  S.,  10. 

,  Fife.— Traquair,  R.  H. 

,  Ischyodus  townsendii. — New- 
ton, E.  T. 
,  Living  and  Fossil  Affinities. 

— Crane,  A. 
,   Oolite,   Portland. — Newton, 

E.  T. 
,  Oolites,  Lower. — ^Woodward, 

A.  S.,  6  &  6. 
,    Scotland,    N.— Roberts,    G. 

E.,4. 
,    Study    of. — Woodward,    A. 

S.,  15. 
,    Sturgeons. — ^Woodward,    A. 

S.,  4. 
,   Yorkshire  Coal. — Davis,   J. 

W. 
Flightless  Birds.— Woodward,  H., 

6. 
Flint  Implements,  Drift. — ^Mackie, 

S.  J.,  2. 
,    Fabrication    of. — ^Wiltshire, 

T.,  2. 
,    London,    near. — ^Jones,    T. 

R..9. 
,    London,    N.E. — GrcenhiU, 

J.  E. 
,   Palaeolithic  Man. — Newton, 

E.  T.,  9. 
,  Relative  Ages  of. — ^Hinton, 

M.  A.  C,  8. 
,   Southall. — Allen-Brown,   T., 

3. 
,  Tertiary  Man. — Newton,  E. 

T.,  8. 
,    Transitional    Types. — Spur- 

rell,  F.  C.  J. 

,  Yorkshire.— Wiltshire,  T.,  2. 

,     Yorkshire,     Bridlington. — 

Cuming,  S. 
Flints.— Johnson,  M.  H.,  1  &  2. 
,     Formation    of    Pebbles. — 

Lobley,  J.  L.,  6. 
,      Mastoid      Appearances. — 

Rose,  C.  B. 
,  Peculiar  Markings. — ^Wcthc- 

rell,  N.  T. 
,  Quartz,  Chalcedony,  Chert, 

&c.— Jones,  T.  R.,  8. 
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,  Unmaking  of.— Judd,  J.  W., 

2;   Wilson,  T.  Hay. 

,  Yorkshire. — Mortimer,  R. 

Flora.-^y^^  Plants. 

Folkestone,    Lower   Greensand   & 

Gault.— Price,  F.  G.  H. 
Foraminifera. — Hislop,     W.,     3; 

Jones,  T.  R.,  1  &  10. 
,    Aldrington. — Chapman,    F., 

5. 

,  Chalk. — Chapman,  F. 

,  Jurassic. — Chapman,  F.,  3. 

,  London  Clay. — Sherborn,  C. 

D. 
,  Range  in  Time. — ^Jones,  T. 

R. 
,  Thanet  Beds. — Burrows,  H. 

W. 
Forest  of  Dean. — Gwinnell,  W.  F. 
,       Lower      Carboniferous. — 

Wethered,  E. 
Fossils,  Distribution   of. — ^Morris, 

J,  4. 

,  Exchange  of. — Bott,  A. 

,     Modern     Methods    in     the 

Study    of. — ^Woodward,    A.    S., 

13. 

,  South  America. — Blake,  C. 

Gasteropoda,     Opercula. — Picker- 
ing, J.,  2. 
,  Pitherella  rickmani. — Evans, 

C,  2;   Pickering,  J.,  3. 
Gault.— Price,  F.  G.  H.,  1,  2,  3. 

,  Alton  Fossils. — Curtis,  W. 

,  Flora. — Carruthers,  W. 

Gazella  daviesii. — Hinton,   M.    A. 

C,  4. 
Geological   Reasoning:    Its   Influ- 
ence    on     other     Branches     of 

Knowledge. — Clarke,  Hyde,  2. 

See  also  Smith,  T. ;   Woodward, 

II.  B.,  6. 
Geological  Record,  The. — Holmes, 

T.  v.,  6  &  7. 
Geological  Society,  The  Cenlenarv 

of.— Hemes,  R.  S.,  3. 
Geologists'     Association :      Origin 

and  Progress. — ^Jones,  T.  R.,  7. 
Geology,    Survey   of. — Woodward, 

H.,  7. 
Glacial    Epoch. — Woodward,    H., 

3. 
Glacial,  Canada.— Iloneyman,  D. 
,    East    Anglia. — Harmer,    F. 

W. 
,    Midland    Counties. — Harri- 
son. W.  J.,  2. 
,  Norfolk.— Woodward,  H.  B., 


Glacial,    Oxfordshire    &  Berks.- 

White,  H.  J.  O.,  2. 
Glamorgan,    Rhaetic    and   Lias.— 

Woodward,  H.  B.,  3. 
Gneiss,  N.W.  Highlands.— Hudlc- 

ston,  W.  H.,  5. 
Godalming,    Lower    Greensand.— 

Meyer,   C.  J.  A. 
Gold,     Nova    Scotia. — ^Monckton, 

G.  F. 

,  Wales. — Readwin,  T.  A. 

Gold  Mines,  Surveys. — Brown,  N. 
Granite,    Himalayas.  —  McMahon, 

C.  A.,  6. 
Graptolites. — Diprionidas    of    the 

Mo£fat  Shale. — ^Lapworth,  C. 
,   Lower  Ludlow. — ^Wood,  E. 

M.  R. 
Grasses,   Fossil. — Gardner,  J.  S., 

5. 
Gravel,  Bagshot. — Irving,  A.,  8; 

Monckton,  H.  W. 
,     Barnwell. — Woodward,    B. 

B     2 

'-\  Glacial.— White,   H.  J.  0., 

2. 

,  Han  well  &  I  ver.— Allen- 
Brown,  J.,  4. 

,    High    Level. — Allen-Brown, 

J.,  4 ;  White,  H.  J.  O.,  3. 

,  Hill.— Monckton,  H.  W.,  8. 

,  Implementiferous.  —  Allen- 
Brown,  J.,  3;  Greenhill,  J.  E.; 
Jones,  T.  R.,  9. 

,  Kent,  N.— Goodchild,  J.  G. 

,  London. — Abbott,  W.  J.  L., 

3 ;  Greenhill,  J.  E.  ;  Jones,  T. 
R.,  9. 

,  Pebbly,  &c.— Monckton,  H. 

W.  ;  Salter,  A.  E.,  1,  2,  3. 

,  Plateau. — Irving,  A.,  6. 

,  Quaternary. — Tylor,  A.,  2. 

,    Reading   Beds.— W^hite,   H. 

J.  O.,  5. 

,   Southall. — Allen-Brown,  J., 

3. 

,  Stort  Valley.— Irving,  A.,  6. 

,  Thames. — Spurrell,  F.  C.  I. 

,  Thames,  North  of.— Monck- 
ton, H.  W.,  3. 

,  Westleton.— White,  H.  J.  O., 

1  &  2. 

,  Yorkshire. — Mortimer,  J.  R. 

See  also  Drift. 

Greenland,  Jurassic. — Skeat,  E.  G. 

Gypsum. — Goodchild,  J.  G.,  3. 

Hammers. — Highley,  S. 

Hampshire  Basin,  Lower  Bagshot 
Beds.— Gardner,  J.  S. 
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Haxnp^me  Basiiu    Snsuns    in. — 

—White  H.  J.  O.,  4. 
Hampstead     (liiiddlesez>. — Evans 

C.,9. 
Hamstead  Bed&,  O^bamt  Octligr. 

— Wilidiiis  E,  P. 

Sec  also  Gardner,  J.  S.,  f*. 
Heat.    Geological.  —  Cnrrr,    J. ; 

Toxnlinson,  C,  1^2. 
Henlej  -  on  -  Thamef^    Wcsdeton 

Beds  ncax-— While,  H.  J.  O, 
High  gate      Arch  war.      Sectkan. — 

Abbott,  W.  J,  L.;  5. 
Highlands,  The. — Dnmess-Eiibc*!! 

District. — Lapworth,  C,  2. 
,    Gneiss    Rocks. — ^Hndleston, 

W.   H.,  5. 
,  Xorth-West.  —  Blake,  J.  F., 

7;    Hicks,    H.,    8;    Hndleston, 

W.   H-,  5. 
,       Origin       of      Crystalline 

Schists. — Barrow,  C. 
Himalayas,     Granite     of.  —  Mc- 

Mahon,  C.  A.,  3. 
,    Historj-   of.— McMahon.    C. 

A.,  3. 
Hindhead. — Fowler,  B. 
Histoiy-  of  Geology,   Notes  on. — 

Litchfield,  E. 
Huastanton.— WTiitaker,  W. 

,  Drift.— Woodward.  B.  B. 

Huntingdonshire,   Boulders  from.  , 

—Watts,  W.  W.  ' 
,    Chalk    at    C  a  t  w o r  t  h.—  ' 

Cameron,  A.  C.  G.,  2. 
Hythe  Beds,  Liphook  and  Hind-  j 

head. — Fowler,  B.  i 

Ice,  Nova  Scotia. — Monckton,  G. 

F.,  2. 
Iceland.— Watts,  W.  L. 
Iguanodon   Quarry,    Maidstone. — 

Bcnsted,  W.  H. 
Ilford,    Pleistocene. — Hinton,    M. 

A,  C. ;  Kennard,  A.  S. 
India.— Hudleston,  W.  H..  14.        ' 
,    Himalayas. — McMahon,    C.  i 

A.,  3  &  5. 
,     Rock     Specimens.  —  Mc- 
Mahon, C.  A.,  4. 
Insect    Fauna,     Mesozoic— Goss, 

H.,  2. 
,   Paleozoic. — Goss,   H.,  8  &  ' 

4.  I 
,  Recent  and  Tertiary. — Gosji, 

H. 
Irish  Caves.— Boulger,  G.  S. 

Iron    Ores.— Hudleston,    W.    H., 
13. 


Ironstone,  Ell^jsoidal  Xodnles. — 

Sh&ke<^ieBre,  J.  D. 
IschvodMS  tammsendii, — ^Nevton,  E» 

t: 

3ta]r,  Volcanoes  of. — ^Rlake,  J-  F.» 

^';  Lavis,  H.  J.  J.,  S. 
teni.    Chalk,  —  Diblev,    G,    E, ; 

Rowe,  A.  W. 
,  Snperficial  Deposits, — Good* 

child,  J,  G, 
Kentish     Rag.     Maidstone. — Ben* 

sted,  W.  H, 
Keswick-— Hndleston,  W,  H.,  7, 

Su  aha  Lake  District. 
Kimmeridge   Clav,    Isle    of    Pnr* 

beck. — Brodie,  'W.  R. 
Krakatoa.— Cole,  G.  A.  J. 
Lake  District,— Mart,  I.  K.,  2. 
,  Keswick.  —  Hudleston,  W. 

H„  7. 

,  Lake  Basins.— Marr,  J,  E. 

,  Silurian. — Nicholson,  H.  A. 

Lakes,  Basins.— Marr,  J.  E. 

,  Origin. — Duncan,  P.  M. 

Lancashire,       Coalfields.    —    De 

Ranee,  C.  E..  3. 
,     Recent     Marine     Shells.— 

Rofe,  . 

Land    Surfaces,    Old,    Norfolk.— 

Gunn,  J. 
,  Relics  of  Carboniferous,  &c. 

—Woodward,  H.,  2. 
Lane     End,     Bucks,     Quarttose 

Gravel  at.— White,  H,  J.  O.,  6. 
Lead  Mines,  North  of  England.— 

Sopwith,  T. 
Leicestershire. — Harrison,  W.  J. 
Lewisham. — Lavis,  H.  J.  J. 
Lias,  Glamorgan. — Woodward,  H. 

B.,  3. 
,   West  Somerset. — Winwood^ 

H.  H. 
,  Yorkshire  Coast.— Blake,  J. 

F..  9;   Herries.  R.  S. 
Library      Catalogue.— WcKxlward^ 

B.  B.,  4. 
Life,  Dawn  and  Development  of. 

—Woodward.  II.,  4 
,      Deep-Sea     Bottom.— Car- 
penter. W.  B. 
Lime  and  LimeMrmeii.— Tennant. 

J..  4. 
LimeMtoneii.— Teniiant,  f.,  4. 
Linlithgow,  Kxr  urfilon  from  Hath* 

gfttr  to.  -  Grikif*.   f, 
Liphr>r»k. — Fowl«»r,  il. 
London. -WhlUkpf,  W.,  2  *  ». 
,  Admiralty  Ottitt^n,  )^tn\[tin.-^ 

AMkiH,  W.  j,  L..  a. 
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London — continued. 

,   Blackfriars  Rd. — Evans,  C. 

,    Fossils  from  Railway  Cut- 
tings.— Evans,  C,  8. 
,  Fulham,  Ostracoda  from. — 

Chapman,  F.,  2. 
,   Glacial  Drifts   of    North.— 

Walker,  H. 
,  Law  Courts.  —  Hudleston, 

W.  H. 
,  Implementiferous  Gravels. — 

Greenhill,  J.  E. ;   Jones,  T.  R., 

9. 
,  Pleistocene  Mammalia,  List 

of.— Newton,  E.  T.,  6. 
,       Pleistocene      MoUusca. — 

Woodward,  B.  B.,  3. 
,      Pleistocene      Ostracoda. — 

Chapman,  F.,  2. 
,     Pleistocene     S  ec  t  i  o  n  s. — 

Abbott,  W.  J.  L.,  2. 
,  Sewer,  Southern  High  Level. 

— Bott,  A.,  8. 
,  Stones  picked  up  in  Streets. 

—Richardson,  C.  T.,  2. 
,      Underground     Geology. — 

Whitaker,  W.,  3. 
London  Basin,  Bagshot  Strata. — 

Irving,  A.,  3  &  4. 
,    Chalk   in   Western    Part.— 

Treacher,  LI.,  2. 
Streams  in.— White,  H.  J.  O., 

4. 
London  Clay,  Admiralty  Offices. — 

Abbott,  W.  J.  L.,  3. 
,  Bagshot  Sands  and. — Irving, 

A.,  4. 
,      Cannon      Street     Railway 

(Microzoa). — Sherborn,  C.  D. 
,    Deposition,    &c.— Gardner, 

J.  S.,  6. 
,  Highgate  Archway. — Abbott, 

W.  J.  L.,  5. 
,  Sheerness  (Well).  —  Shrub- 
sole,  W.  H.,  2. 
,  Sheppey  (Flora  of). — Carru- 

thers,  W.,  2. 

,  Upper  Bed. — Evans,  C,  8. 

Lower  Greensand,  Dorking,  near. 

— Boulger,  G.  S.,  6. 

,  Folkestone.— Price,  F.  G.  H. 

-,   Godalming.— Meyer,    C.     J. 

,    Liphook    and    Hindhead.— 

Fowler,  B. 
,  Sandown  Bay.  —  Leighton, 

T.,  2. 
Lower    London    Tertiaiies,    Bird 

from  Croydon.— Newton,  E.  T., 

4. 


Lower   London    Tertiarics,   Cory- 

phodon. — Newton,   E.  T.,  3. 

,  Croydon. — ^Klaassen,  H.  M. 

,  Dulwich. — ^Leighton^  T. 

,    Dulwich    and    Pcckham.— 

Rickman,  C. 
,  Pema  from  Woolwich  Beds. 

—Newton,  E.  T.,  2. 
,    Quartzose   Gravel.— White, 

H.  J.  O.,  6. 
,  Revision  of  Lower  Eocenes. 

—Harris,  G.  F. 
Ludlow,  Bone-bed. — Hinde,  G.  J., 

2. 
,   Brachiopods. — Buckman,  S. 

S. 
,  Church  Stretton.— Cobbold, 

E.  S. 
,    Geology    and  Fossils  of.— 

Woodward,  A.  S.,  12. 
,   Graotolites. — Wood,  E.  M. 

K. 
,      Silurian     Cephalopoda.— 

Blake,  J.  F.,  3. 
,   Silurian  Plants. — ^Arber,  E. 

A.  N. 
,  Stanner  Rocks  and  Hinter 

HUl.— Raw,  F. 
Magnesium. — ^Redwood,  T.  B. 
Maidstone,    Iguanodon   Qaany.— 

Bensted,  W.  H. 
Mammalia,      Fossil,      Essex.— 

Brown,  J. 

,.  London. — Newton,  E.  T.,  6. 

Mammoth,    in     Bed    of    German 

Ocean. — Charlesworth,  E. 
,   Man   and. — Woodward,  H., 

8. 
Man,  Palaeolithic.  —  Newton,  E. 

T.,  9. 

,  Tertiary.— Newton,  E.  T.,  S. 

,  and  Mammoth. — ^Woodward, 

H.,  8. 
Margate,    Chalk    Fossils.— Wcthe- 

rell,  J.  W. 
,  Chalk  Zones  of. — Rowe,  A. 

W. 
Megalosaurus,  Teeth,  Portlandian. 

—Woodward,  A.  S.,  9. 
Mendip  Hills.— Woodward,  H.  B., 

4. 
Metalliferous    Deposits.  —  Good- 
child,  J.  G.,  4. 
Metamorphism,  of  Basis   Igneous 

Rocks.— Teall,  J.  J.  H.,  3. 
,     at     Bendigo,     Austraha.— 

Guppy,  R.  J.  L.,  3. 
Meuse,  Valley  of.— Bonnev,  T.  G., 

5. 


XYA 


V^-q'amf     IinnTTr^    -i.  x  zz  «  x  " 


^tnrmnnis*     ^3C — 


Mccnil  J-   '  ^"^  «i«i  *■  lEX   ai  — 

T:cucj-  "■"-  3>. 

jL  lI 

New  Red  Saridscroe  as  Se3tt:^3C 

Cheshire-— Mucbeaer,  J.  H. 
New  Zealand.— Hectoc.  J- 
,  Amberite  in  Coal. — ^Moodr, 

T.  P. 
,  Taranaki  Iroo-saad. — ^High- 

ley,  S.,  2. 
Norfolk,     Crag    at     Yarmouth. — 

Rose,  C.  B.,  2. 

,  Cretaceous. — ^Rose,  C  B.,  S. 

,  Dip  of  Chalk.— Gunn,  J. 

,  Glacial  Drifts.— Woodward, 

H.  B.,  2. 
Northamptonshire. — Sharp,  S. 
Northumberland. — Lebour,  G.  A., 

2. 
,  Igneous  Rocks. — ^Teall,  J.  J. 

H.,  2. 
Norway,  Bergen  District. — Monck- 

ton,  H.  W.,  10. 
Notes  and  Queries. — Roberts,  G. 

E.,  5. 
Nottingham. — ^Irving,  A.,  1  &  2. 
Nova  Scotia,  Auriferous  Series. — 

Monckton,  G.  F. 

,  Gold.— Tennant,  J.,  8. 

,  Ice. — ^Monckton,  G.  F.,  2. 

Oldhaven  Beds,  Addington  Hillt. 

— Klaassen,  H.  M.,  2. 
,  Catcrham.— Holmes,  T.  V., 

4. 
Oligocene,  Colwell  Bay  i*)  Headoii 

Hill.— Blake,  J.  V.,  6. 
,   Paris  BaHin.  —  linrrin,  (t. 

F.,  2. 
O'ilites,  Corals  from   Ii'x>l^  N«>r- 

lon.— Tomes,  R.  K, 
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Arcrt. — crx--2jj:^  As*  i^ 

v>ri3cnt    Bfc>iae&.— \\X>J«r4U    \» 

T-.X 
Oxr:cisJtir*.  Chalk.   —  v>at>•rttt^ 

C.  P. 

—White.  H.  I.  O..  :i. 
PaI«OQtolc^«  ^ttt>r^v  \N<.— WtV><^» 

ward.  H.,  T. 
Palcv\xotc,  Bekiwmx— <ViVM^M»  1. 

,  British  I$ie*.— llick«,  II »>  4. 

,  Kntoiih>straca.  —  J\m\^s  1\ 

R.,  12. 
,  Somerset  *  lV%\^n»— IIWk*» 

H.,  10« 
Palestine.— Hudleston,  \V.  Il.»   w 

e^  12, 
Parian     (Older)      Formatitm     *t 

Pointe  -  k  •  Pi<»rni»»    niutiUd.- 

Guppy»  R.  J.  1-..  ± 
Paris  Basin.   KtK^nc»«  and  0\ip\> 

cenes.— Harrln,  (I.  K.,  U. 
Peat.— Ive».  J.  T.  B.  i   JonM,  T, 

R.,  4  s  Rickard,  \V.  T. 
Pebblci.  Flint.— Lobl«»v,  J,  l..i  tl. 
,  Wind-worn.— n«Un»i,  F.  Am 

o 

I'rbbly  (iravel,  Bagnhot.    Mumk 

t(in.  H.  W. 
,     Goring    Gap    in     NotfiMfc 

Coant.-SalUr,  A,  K. 
,   Soiith«rii    KiigUiid.    HnlUi, 

A,  K.,  2  H/  n. 
pM  khani,     l.ow«r     ]^mt\nii     'I'm 

tiaiian,    Hit  kitmii,  <-. 
I't'uweW     Buy,     \'t,ii$mUiii»iti    i»l 

I'a-niiinu  ('Uulh-   ^'wny,   J  ,  t 
Vtfioti^ii'nnt   ih    (9lfml»»'   'luvlii 
I^Mfiz/wii,  H.  A. 
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Permian,  Coal  Seams  at  Ifton. — 

Davies,  D.  C,  3. 
Perna,  new  Species.— Newton,  E. 

T..  2. 
Phosphatic  Deposits. — Teall,  J.  J. 

H.,  6. 
Phosphorite,    Lot,    France. — Rud- 

ler,  F.  W. 
Pitharella   rickmani. — Evans,    C, 

2;   Pickering,  J.;  3. 
Plants,  Fossil.— Carruthers,  W.,  3 

&   4;    Fawcett,    W. ;    Gardner, 

J.  S.,  3,  4,  6. 
,  Alpine  of  Great   Britain. — 

Crombie,  J.  M. 

,  Coal.— Morris,  J.,  2. 

,     Connection     in     Time     of 

Floras    and    Faunas. — ^Boulger, 

G.  S.,  4. 
,    Distribution. — Boulger,    G. 

S.,  2. 

,  Gault. — Carruthers,  W. 

,    London   Clay. — Carruthers, 

W.,  2. 

,  Silurian. — ^Arber,  E.  A.  N. 

,     Tertiary     of     Auvergne. — 

Marty,  P. 
Pleistocene,     East    Anglia. — Har- 

mcr,  F.  W. 

,  Ilford.— Kennard,  A.  S. 

,  Ilford  &  Wanstead. — Hinton, 

M.  A.  C. 
,  London.— Abbott,  W.  J.  L., 

2;    Newton,    E.    T.,   6;    Wood- 
ward,  B.   B.,  3. 
,  Mammalia. — Newton,  E.  T., 

6;    Woodward,  H.,  8. 
,    Microtus. — Hinton,    M.     A. 

C,  2  &  5. 
,  Mollusca. — ^Johnson,  J.   P. ; 

Kennard,  A.  S.,  1,  2  &  3,  Wood- 

ward,  B.  B.,  2  &  3. 
,    Ostracoda. — Chapman,    F., 

2. 
,     Thames,     Holocene. — Ken- 
nard, A.  S.,  3. 
,    West    Wittering. — Johnson, 

J.  P. 
Pliocene    of    East    Anglia. — Har- 

mer,   F.  W. 
Polyzoa,   Carboniferous.  —  Ethe- 

ridge,  R. 
I'ortland,  Isle  of.— Gray,  W. 
,    Curious    Excavations   in. — 

Holmes,  T.  V.,  3. 
Portsmouth.— Evans,  C,  6  &  7. 
Post-Pliocene,     Non-marine    Mol- 
lusca of  the  South  of  England. 

—Kennard,  A.  S.,  2. 


Pre-Cambrian,  British  Isles.— 
Hicks,  H.,  3. 

,  Succession  in  America  com- 
pared with  Europe. — Hicks,  H., 

Precious    Stones,    Physical    Pro- 

perties.-^hurch,  A.  H. 
Presidential  Addresses,  su  p.  xii. 
Pterodactyls.— Newton,  E.  T.,  5. 
Purbeck      Formation,      Entomo- 

straca.— Chapman,  F.,  4  &  6; 

Jones,  T.  R.,  8. 
Purbeck,     Isle     of,     Kimmeridg© 

Clay.— Brodie,  W.  R. 
,  Physical  Geology.— SUahan,. 

A. 

See  also  Swanage. 
Quartz  and  other  Forms  of  Silica. 

— ^Jones,  T.  R.,  3. 
Quaternary  Gravels.  —  Tylor,  A.^ 

2. 

See  also  Pleistocene,  Gravel,  &c. 
Recent   Deposits,   Boulogne.— 

Rose,  C.  B.,  4. 

,  British  Seas.— Lebour,  G.  A. 

,  Preston. — Rofe,  J. 

Rhaxella     Chert     from     Dartford 

Heath.— Newton,  E.   T.,  U. 
Rhaetic,  Bristol.— Wickes,  W.  H. 
,  Devon  &  Dorset.— Richard- 
son, L. 
,  Glamorgan. — ^Woodward,  H.^ 

B.,  3. 
,   West   Somerset. — ^Winwood,. 

H.  H. 
Ehynchocephalia. — Newton,  E.  T.» 

10. 
Roads,  Early. — Bennett,  F.  J. 
Romney  Marsh. — Dowker,  G.,  2. 
Ryde.— Evans,  C,  6  &  7. 
Saas-Thal  &  Geneva.— Hall,  M. 
Salisbur>-  Crags,   Origin  &  Petro- 

logy.— Taylor,  A.,  2. 
Sandgate,    Landslip    at. — Topley^ 

W.,  6. 
Sandown  Bay,  Lower  Greensand. 

— Leighton,    T.,  2. 
Sandstone,   Action  of  Heat  on. — 

Tomlinson,  C,  1  &  2. 
Schists,  Origin. — Barrow,  G. 
Scientific   Societies:    Constitution 

&  Management. — ^Henries,  R.  S.^ 

2. 
Scilly   Isles. — Richardson,   C.  T.» 

3. 
Sea-bottom,    Animal     Life. — Car* 

penter,  W.  B. 
Serpentine. — ^McMahon,  C.  A.,  2. 
Settlements,    Early. — Bennett,   F- 

J- 


-i^tssFTED  inDEX.  m  ruE  jmi\  uaiiuwis; 


.   Z  TTTry***   i<tftmi:ii-  — 5.  .'3ZI&    r. . 
3. 
S^'f'fzi  3j~*h:  inii  T  iimisi.  Ttrcnun. 
:t- — f»uiis=T.  i-  Z. 

H-  .»_ 

H  .  ± 

.  h^itt'x  Sarrrf-i. — ij*ni':LT.  J. 

.    I^'jcsit-JL    C-i-T  — »rjmr&erK 

W..  ± 
.  Mil  HiZ,— 5cni*:[e.W.  EL 

— DaTi«,  D.  C,  X 

Silica^  Var-j033  F^rsLs   zi. — Joccs, 

T.  R.,  X 
Siluria::,     Brach:  z^cds.  —   Bcck- 

maa,  S-  S. 

Cephalopoda.— Blake,  J.  F., 

X 

Classification. — Ilicks,  H. 

English     Lake     District. — 

Nicholson,  H.  A. 

Insecta. — Goss,  H.,  4. 

Plants.— .\rber.  E.  A.   \. 

Ramsev  Island,  St.  David's. 

—Hicks,  ft.,  2. 

Time.— Buckman,  S.  S. 

Also  see  Ludlow,  Palsozoic,  &c. 

Skates'  Teeth,  Eocene.— Wood- 
ward, A.  S.,  10. 

Skiddaw  Slates,  Stratigraphy. — 
Goodchild,  J.  G.,  2. 

,    Trilobites.  —  Postlethwaite, 

Somerset,  Palaeozoic. — Hicks,  H., 
10. 

,  Pickwell  Down,  &c.— Whid- 

borne,  G.  F. 

,  Trias,   Rhaetic,   and  Lias. — 

Winwood,  H.  H. 

Somme  Valley. — Parker,   J. 

Southall,  Elephas  frimi genius, — 
Allen-Brown,  J.,  4. 

Specific  Gravity,  Rapid  Deter- 
mination of. — ^Judd,  J.  W. 

Sponge,  new  Species  from  Chulk. 
— Hind«,  G.  J..  X 


Ttannta:  lueiisf    imi   Jt^iutvc   'cL'ir«. 

IifTUfuiuf  I:itrn:funrSk — ULiv,.  y 
fi^iiinir — Mi.-m-saru.    H    «  ..  4  Jfc 

i. 
.    .'.lim  t  lasbt  r-.-iir.  — »J^.v*£ 

rniiir.  f.    J..  «f. 

VLiiixciiS:!!.  isL.  W  ^  i 

rcr-amif.    L.:mii:n.  -iaj£  Hjarjrz^ki::^ 

3<i^iiu. — ^^Tiitif^  H..  T^    O"- ..  4. 
"?rj2ri«;iiiK      PxJtcao^L*^       *c. — 

fiiiimaruie    rxsottiK — CV    Kfc.-v^.. 
Br:w:ie:  "a.  J  .  X 

>:cth<r2    EaclA:sst.— ^saIi^t^    A. 

E-.  X 
Scrtjof    oi    tJt*    F.aetli. — Slar.W\\ 

W.  F. 
Sarnev.    Chalk -DibX^y.    C».    K. ; 

Erias,   C-»   12;     fnk<ef>Brownte« 

A.  J..  4:  Yo«n^.  iV  W,.  K  U. 
Survey?,     GecU^igioAl.  —  vMarin", 

Hvsie, 

,  Gold  Min«<. — Bn>wn»  X. 

Sussex. — Rv^we.  .\.  W. 
Swanage.— Rott,     T.     1>. ;     fVH. 

ham.  IL  G.,  2. 
.      OsiraciHlAl      l.imeMone. — 

Chapm.in,   F.,  6. 
Switzerland,  Saas-Thal  ^^  GrnevA. 

—Hall,  M. 
,  Tour  ill.— Hiighr*.  T.  McK. 

See  also  Alp^. 
Taranaki  Iron  !(And.--IliKhlrv«  *<., 

2. 
TertbratuUnx\   tt^Wft,     Kitihiiu    I  . 

L. 
Thamo  Vnllry.-  Duvir..,   A.    M. 
,    OKtrncodii.-  (Mmpnmni     ^.» 

Thanirs       Kstunrv.       AlluvtuiM, 

Spuripll.  \'\  (\  J. 
Thanii'H  Vallry,  (linlfc.     ( 'hut win, 

C.  V. 
-    -,   (iruvfli.     Siilt«ti,    A.    I*",,    I, 

2,  3. 
'-    ,      GmvulB,      HItjIt      l.avtti 

AlIi-ri.HMiwii.  J.,  4$    VVhll»i,   It 

J.  O..  » 
•       ,  HoloiMifi,     Htihuttiti,  A    h, 

a 

Ion,  M.  A    (■ 
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Thames  V^Wey.— continued. 

,  Implements.— Hinton,  Al.  A. 

C     3 

-\  Section  in. — Lobley,  J.  L.i 

1,  Walrus.— Abbott,  W.  J.  L., 

4. 

Thanet,  Isle  of,  Chalk.— Dowkcr, 
G.;    Rowe,  A.  W. 

,  Ammonite  Zones  m. — Bed- 
well,  F.  A. 

Torquay,  Lummaton  rim.  — 
Jukes-Browne,  A.  J.,  5. 

Trias,  West  Somerset.- Wmwood, 

TT  TI^ 

See  also  New  Red  Sandstone. 
Trilobites.       Skiddaw       Slates.— 

Postiethwaite»  j.  ,    ^  ,, 

Turtles,   Brackksham— Lydekker 

R. 

.*,     Leathery.— Woodward,     A. 

Tweedside,       Lower.— Goodchild, 
Ulster,  *The  Mourne  Mountains.— 

Upper      Greensand,      Cambridge- 

shifc— Bonney,  T.    G. 
,    Cambridgeshire     Fossils-— 

Fordham,  H.  G. ;  Seeley,  H.  G. 
,  Swanage  Bay,  —  Fordham, 

H.   G.,  2.  ^  , 

Upton     and     Chilton.  —  Jukes- 

Btowiw,  A.  T.  . 

Valleys,     London     Basin,     &c.— 

White,  H.  J-  0-.  t     1     ^      n 
,  Relative  Age,  England.— De 

Ranee,  C.  E. 

: -,  Somme.— Parker,  J. 

Vertebrates,      English       Chalk.— 

Woodward*   A,  IS,  3. 
Vesuvius,— Black,   J.    M. ;    Blake, 

J.  P.,  8:  Lobley,  J.  L.,  10. 
Vezere,    Valley     of,     Limestones, 

Caves,  &c.— Jones,  T.  R.,  2. 
Volcanoes.— Woodward,  H. 
^^,  Antrim.- Williams,  W.  M. 
^ ,  Auvergne,— Bonney,  T.   G., 

7. 

,  Causes  of.— Lobky^  J.  L.»  8. 

,  Fragmentary  Ejectamenta. — 

Lavis,  H.  J.  J.,  2. 

,  Iceland.— Watts,  W.  L. 

,  Italv.— Blake,  J.  F.,  8. 

,   Italy,   South.— Lavis,   H.   J. 

J.t  3. 
,  Phenomena  of.— Rudler,   F. 

W.,  2. 
,    Vesuvius,    1872.— Black,    J. 

M. 


Volcanoes,   Vesuvius.— Lobley,  J. 
L.,  10. 

Wales:    Bangor,   Snowdon,  Holy- 
head, .Vc— Hicks,  11.   &, 

,   Berwyn   Hills.— Losnas,  J.^ 

,  Bone  Caves.— Hicks,  H..  7 

&  9. 

,  Carnarvonshire  &  Anglesey. 

—Blake,  J.  F.,   ... 

,  CaniraL — Lap  worth,  H. 

,    Coalfields   of  South.— Rud- 
ler, F    W      4. 

,  Gold  in.— Read  win,  T.  A. 

- — ,     Igneous    Rocks    of    Welsh 
Border.— Watts,  W.  W.,  5. 

—^,      North      Wales      Border.— 
Davies,  D.  C,  2  &  4. 

,  North  Wales  Border,  Dnft. 

— Davies,  D.  C,  5. 

,  Ramsey  Island,  St.  Davids. 

—Hicks,  H.,  2. 

Walrus      in     Thames     Valley.— 
Abbott,  W.  J.  L.,  4. 

Wanstead,     Pleistocene,— Hinton, 
M.  A.  C. 

Wardour,  Vale  of.  —  Hudleston, 
W.  H.,  6. 

Warwickshire,      South. — Waif  or  d, 
E.  A. 

Westcombe       Park,      Greenwich, 
Sections  at.— Holmes,  T.  V.,  2. 

Weslletoa   Beds,   near   Henley-on- 
Thames.— WTiite,  H.  J.  O. 

— ^»    Oxfordshire    and    Berks.-* 
White,  H,  J.  0„  2. 

West        Wittering.         Pleistocene 
Fauna. — ^Johnson,  J.  P. 

Wight,  Isle  of,  Chalk.— Rowe,  A. 
W.,  6. 

,  Maps,  Chalk.— Sherborn,  C. 

D.,  8. 

,  Monk's  Bay.— Norman,  M., 

2. 

,  Oligocene,  Colwell  Bay,  &c. 

—Blake,  J.   F.,  6. 

— — ,  Tertiary  Sea-boltom.— Sher- 
born, c.  n.,  8. 

^,Whit€Clifi  Bay,— Norman,  M. 

Sit  a  ho  Sandawn,  Ham  stead,  &'C. 

Wind- worn    Pebbles, — Bather,    F. 
A.,  2. 

Woolwich  Beds.— 5"^^  Lower  Lon- 
don  Tertiaries. 

Worra-burrowings       in       Clays.— 
Guppy,  R.  J,  L,  .     ^     « 

Yorkshire,  Chalk.— Barrois,  C,  2; 
HIake,  J.   F-t  2, 

— -,  Chalk,  Conditions  of  Accu- 
mulation.—Lamplugh,  G.  W.,  2. 

,  Chalk  Flints.- Mortimer,  R. 
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Yorkshire.    OilII  GraTcl.— M  cnti-  ■ 

mcr.  J.  R. 
,  Chalk  Zonef.— Roire,  A.  W.. 

5. 
,  Fish   Facna   -f  Coalfield.— 

Daric,  J.  W. 

— ;— ,  Flint  Implcroc::!?. — Cnrciiig, 

S. ;  Wiltshire,  T..  2. 
,  Oolites— Hndlesloa,  H.  W.. 

2,  3,  4. 
,     Red  car    to    Bridlington. — 

Blake,  J.  F.,  9. 
,    Redcar    to    Robin    Hood's 

Bay.— Hemes,  R.  S. 


Zemclctlaems  rr»ya,— Orecorv,  J. 
W.,  H 

Zones. — ^Woodward,  H.  B.,  5. 

,  .immoniic  (Chalk).— Bed- 
well,  F.  A. 

,  Carboniferons  Limestone. — 

Siblv,  T.  F. :  Vanghan,  A, 

,     Chalk.— Bedwell.     F.     A,: 

Chattrin.  C.  P. ;  Diblev,  G.  E. ; 
Evans.  C,  12;  Tnkes-Browne, 
A.  T.,  3:  Rowe,  A.  W.,  1,  2,  3, 
4, 5,  6 ;  Treacher,  LL,  2 ;  Young, 
G.  W.,  1  &  2. 

,  Graptolite. — ^Lapwoxth,  H.  ; 

Wood,  E.  M.  R. 
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III. 


INDEX    TO    THE    REPORTS    OF    EXCURSIONS 
PUBLISHED     IN     THE     «•  PROCEEDINGS." 

Only  the  names  of  places  which  are  mentioned  in  the  title  of  the 
excursions  are  indexed.  A  place  may  have  been  visited  when  in  the 
neighbourhood  on  other  occasions  than  those  mentioned. 


Abbotsbury,  xv,  288. 
Abingdon,  xx,  548. 
Abixiger,  xiii,  163. 
Addington,  vii,   145. 
Albury,  xix,  453. 
Aldbury,  xx,  166. 
Aldeburgh,  xv,  434. 
Aldershot,  ix,  219;  xi,  p.  cliv; 

xviii,  184. 
Aldrington,  xvi,  248. 
Allington,  xx,  104. 
Ampthill,  ix,  225. 
Amwell,  xiii,  123. 
Anglesey,  xii,  409. 
Antrim,  xiv,  200. 
Appleby  District,  xx,  193. 
Ardennes,  French,  ix,  261. 
Arlesey,  xvi,  446. 
Amgrove,  xx,  183. 
Arundel,  xi,  p.  clxvii. 
Ascot,  ix,  222. 
Ashtead,  xix,  347. 
Austcliff,  xvii,  163. 
Auvergne,  The,  xvii,  269. 
Avebur>%  xx,  536. 
Avon  Gorge,  see  Bristol. 
Aylesbury,  ii,  36;    iii,  210;    vi, 

344 ;  X,  166 ;  xv,  90. 
Aylesford,   viii,    192;    xiv,  194; 

XX,  104. 
Ayot,  xvii,  396. 
Ayot  Green,  xv,  308;   xix,  354. 

B. 

Banbury,  iii,  197;  xiv,  177. 

Bangor,  viii,   195. 

Barton,   xiii,  274. 

Bastead,  xiii,  157. 

Bath,  iii,  89;    vi,  196;   xiii,  125. 

Bathgate  Hills,  xv,  198. 

Battle,  vii,  356;   xix,  449. 

Bay  ford,  xvi,  447. 

Bedford,  ix,  225;  x,  504;  xix,  142. 

Bedwyn,  xx,  508. 

Beggar  Hill,  xix,  317. 


Belfast,   xiv,  200. 
Belgium,  ix,  261. 
Belvedere,  ii,  229. 
Bentley  (Suffolk),  xix,  459. 
Berkhampstead,  viii,  117. 
Berkshire  Downs,  xix,  226. 
Berwick -on-T weed,  xviii,  307. 
Betchworth,  xiv,  124;   xvi,  155. 
Bexley,  Dene  Holes,  vii,  400. 
Bexley  Heath,  xiii,  152. 
Birmingham  District,  xv,  417. 
Bishops'  Stortford,  xv,  193 ; 

xix,  ^^ 
Blackheath    (Kent),    iv,   557; 

vii,    142;    xiv.    111;    xvi,   257; 
Blackheath  (Surrey),  xviii,  469. 
Bloxham,  xiv,  177. 
Blue  Bell  Hill,  xx,   178. 
Bolt  District,  xvii,  119. 
Borough  Green,  xix,  460. 
Bostal  Heath,  x,  191 ;   xix,  341. 
Bothenhampton,  ix,  200. 
Boulonnais,   The,   vi,  39. 
Bourne  End  (Herts.),  viii,  117. 
Bournemouth,  xiii,  274. 
Bowsey  Hill,  xii.  406. 
Boxford,  xix,  349. 
Box  Hill,  vi,  38. 
Boxmoor,  xi,   p.  Iviii ;    xvi,  601 ; 

XX,  504. 
Bradford-on-Avon,  xiii,  125. 
Brent  Valley,  x,  148. 
Brentwood,  xi,  p.  Ixii ;  xviii,  479. 
Brickenden  Green,  xvi,  447. 
Bridport,  ix,  187  ;  ix,  200  ;  xv,  293. 
Brightling,    xvii,    171. 
Brighton,  iii,  239  ;x,  141; xvi,  248. 
Brigstock,  xiv,  114. 
Brill,  xiii.  71  ;    xx,   183. 
Bristol,  vi,  396;  xvii,  159;  xx,  150. 
Brittany,  xvi,  231. 
Brockham,  xvii,  385. 
Bromley,  i,  404;   iii,  114;  iv,  498. 
Brookwood,  xi,  p.  cliv. 
Budleigh  Salterton,  xvi,  133. 
Bure  Valley,  The,  xiii,  54. 
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Burham,  xiv,    194;    xvi,  249; 

xviii,  474. 
Burnmouth,  xviii,  313. 
Burntisland,  xv,  203. 
Burton  Bradstock,  ix,  200. 
Bushey,  xvi,  243;   xx,  94. 
Buxton,  xviii,  419. 

C. 

Caddington,  xiii,  367. 
Calne,  xiv,  339. 
Camberley,  vi,  329. 
Cambridge,  i,  271;   ii,  219; 

viii,  399;    xiii,  292. 
Cannock,    xvi,   246. 
Canterbury,  ix,  168. 
Carnarvonshire,  N.W.,  xii,  409. 
Caterham,  ii,  28 ;  v,  155 ;  viii,  411 ; 

xvi,  510. 
♦Caterham  Junction,  see  Purley. 
Catesbv,  xiv,  421. 
Caversham,  xix,  135. 
Chadwell  Springs,  xiii,  123. 
Charlton,  iii,  205;    iv,  557; 

vii,   142;     xiv,   111;     xvi,  257; 

xvii,  182;    xx,  505. 
Cham  wood  Forest,   iv,  307; 

X,  472 ;  xvii,  373. 
Cheam,  xvii,  167. 
Chelmsford,  xii,  202 ;  xiv,  188. 
Chelsfield,  xix,  235. 
Cheltenham,  xv,  175. 
Cheltenham  District,  iv,  167. 
Chesham    (Tyler's  Hill),   v,   498; 

XV,  87. 
Chessington,  xvi,  256. 
Cheviots,  The,  xviii,  307,  310. 
Chichester,  xviii,  475. 
Chiltern  Hills,  xvi,  251 ;  xix,  147. 
Chilton,  xi,  p.  Ixxxiii. 
Chilworth,  iii,  93;   xiv,  120; 

xviii,  469. 
Chippenham,  xiv,  339. 
Chipping  Norton,  v,  378. 
Chislehurst,  iii,  114;   iv,  498; 

XV,  108;   xvii,   136. 
Chislehurst  Caves,  xvii,  368. 
Chobham  Ridges,  xviii,  184. 
Chudleigh,  xvi,  425. 
Cirencester,  x,  157. 
Clandon,  x,  182. 
Clapham  (Beds),  x,  504. 
Claxheugh,  xviii,  322. 
Claydon,  xx,  186. 
Claygate,  xvi,  256. 
Cockourn  Law,  xviii,  3(^7. 
Cockburnspath,  xv,  204. 
Coleshill  (Bucks),  xv,  311. 


Colly weston,  iix,  367. 
Cookham,  xv,  101. 
Corfe  Castle,  xiv,  307. 
Cornwall,  x,  196. 
Corsham,  xiv,  339. 
Cotman's  Ash,  xx,  532. 
Cotteswolds,   Mid  and  South, 

XX,  514. 
Cotteswolds,  North,  xviii,  391. 
Cowcroft,  XV,  87;   xvii,  370. 
Crag  District,  xi,  p.  Ixviii. 
Crag  District,  see  Suffolk. 
Crawley,  vii,  369. 
♦Crayford,  ii,  34;  iu,  83;  iv,  823 

vi,   174;   ix,  213;   xi,  p.  cxliv 

XV,   110;    xvi,   257;   xviii,  165 

xix,  137;  XX,  122. 
Crofton  Park,  xviii,  161. 
Cromer,  v,  513;  xiii,  54. 
Crossness,  iii,  265. 
Crowborough,  xv,  450;   xx,  163. 
Crowborough  Beacon,  vi,  230. 
Croxley  Green,  xx,  94. 
♦Croydon,  iv,  282;    vi,  372; 

vii,  145;   vii,  403;   viii,  182. 
Croydon  Bourne,  xviii,  388. 
Crystal  Palace,  v,  377;   viii,  391. 
Cuckfield,  vii,  372. 
Cuckmere  Valley,  xx,  156. 
Culham,  xviii,  300;   xx,  548. 
Cumberland,  N.W.,  xi,  p.  Ixxxv. 
Cumnor,  xix,  57. 
Cuxton,  xvi,  249 ;  xviii,  463. 


Danbury,  xix,  455. 
Dartford,  xx,  458. 
Dartford  Heath,  xiii,  70;  xx,  122. 
Dartmoor,  xvi,  425. 
Datchworth,  xix,  108. 
Dawley,  xiv,  118;   xviii,  409. 
Dene,  xvi,  226. 
Denham,  xviii,  188. 
Derbyshire,  North,  xviii,  419. 
Derbyshire,  v,  186;  xvi,  221. 
Devizes,  xii,  323. 
Devon,  North,  xiv,  433. 
Devon,  South,  viii,  458;  xvii,  119. 
Ditchling  Beacon,  vii,  395. 
Dollis  Hill,  X,  148. 
Dorking,  vi,  38;vi,  393;  viii,  396; 

xiii,  140;  xiv,  331. 
Dorton,  xx,  183. 
Dover,  xv,  97. 
Down  (Kent),  xii,  393. 
Dublin,  xiii,  168. 
Dudley,  i,  334. 


•  See  note  at  end.  *  See  note  at  end. 
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Dundr>'  Hill,  xiii,  125;   xvii,  152. 
Dungeness,  ix,  544. 
Duns,   xviii,  315. 
Dunstable,  xiii,  367. 
Dunstable  Downs,  xviii,  170. 
Dunton  Green,  xviii,  299. 
Dunwich,  XV,  434. 

E. 
Ealing,  x,  172. 

Eastbourne,  iii,  211 ;   xvi,  500. 
East  Grinstead,  ix,  217. 
Easthampstead,  ix,  222. 
East  Wickham,  xix,  341 ;   xx,  77. 
Edenside,  xi,  p.  Ixxxv. 
Edge  Hill,  xiv,   177. 
Edinburgh   and  District,  xv,   197. 
Eildon  Hills,  xviii,  307. 
Elie,  XV,  205. 
Elmstead   (Cutting),   xvii,   368; 

xvii,  489. 
Elstree,  xiii.  387. 
Ely,  xiii,  292. 
Epping  Forest,  xiv,  336. 
Epsom,    viii,    396;    ix,    532; 

xvii,  167. 
Erith,   iii,  83;    iv,  323;    vi,   174; 

ix,  213;   XV,  110;   xvi,  257; 

xviii,  165 ;   xix,  137 ;    xx,  505. 
Evesham,  Vale  of,  xviii,  391. 
Ewell.  ix,  532 ;   xvii,  167. 
Exeter,  xvi ;    133. 
Eyemouth,  xviii,  320. 
Eype,  ix,  200. 

F. 
Farinadon,    iv,  543;    xii,  323; 

XX,  115. 
Farnham,  xiii,  74;    xviii,  409. 
Felday,  xviii,  297. 
Filton,  xvii,  144. 
Finchley,   iii,    115;    iii,   214; 

X.  145;   xii,  334;   xiii,  367; 

XIX,  313. 
Flitwick,  xix,  110. 
l'"olkest()ne,  i,  47;   ii,  41;    iv,  554; 

viii,  92;    xiii,  142;    xv,  97. 
l-'nre:st  of  Dean,  x,  542. 
l-riiidsbiirv,  xvii,    397. 
Fnhvcll  (Durham),   xviii,  3*^. 

G. 
Gallev   IIill,  xiv,  305. 
(icddington,   xiv,    114. 
Gerrarcls    Cross,    xviii,    1S8 ; 

xix,  107. 
Godalminc,     xv,    443;     xvi,     254; 

xvii,   371. 
Godstone.  v,  155;  x,490;  xvi,  510. 
Gomshall,   x,    182. 
Goring,   xiv,  175. 


Gower  Peninsula  (S.  Wales), 

xvii,  366. 
Grantham,  iv,  491 ;   xix,  114. 
Gravesend,  xv,  463. 
Grays,  ii,  29;  ii,  245;  iv,  193; 

v,  125;   vii,  148;   viii,  182; 

ix,  179;   xii,  195;   xviii,  143. 
Grays  Thurrock,  xii,  194; 

xiii,  178;   xvii,  141. 
Great  Warle}',  xviii,  479. 
Gretton,   xvi,  226. 
Grove  Park,  xvi,  522;   xvii.  136. 
♦Guildford,    iii,    93;    v,   161; 

viii,  390;  xii,  97;  xiii,  377; 

xvi,  254;  xvi,  512;  xvii,  371; 

XX,  174. 

H. 
Haddenham  (Bucks.),  xviii,  385. 
Hailing,  xvi,  532. 
Hampshire  Coast,  vi,  316. 
Hampstead,    ii,  40;    iii,   67; 
iv,    155;     V,    160;    x,    148; 
xiv,  97 ;  xix,  243. 
Hangman's   Wood,   viii,  182; 

ix,  179;   xiii,  178. 
Hanwell,  xiv,  118. 
Harefield,  xiii,  281  ;   xvi,  244. 
Harmer  Green,  xix,  108. 
Harrow  Weald,  xvi,  243. 
llartwell,  xv,  90. 
Hastings,    i,    248;    vii,   356: 
ix,  544;  xviii.  467;   xx.  169. 
Hatfield,    iii,    240:    iv,    518; 
I       xi,  p.  cxl  ;    xiv,  420:   xix,  354. 
Ilatheld    Hyde,    xv,    308. 
Hayes,  xviii,  409. 
I    Ilavvvard's    Heath,    vii,    372; 
vii,  395. 
Ileadinglev.  xvii,  383. 
Headlev,  xiv,   124:    xix,  347. 
Hcathfiold,  xvii.  171. 
I    Ilcndon.    iii,    115;     xii,    334; 
I       xiv,   327. 

1    Ilenley-on-Thames,   xii,   204; 
xviii,  414. 
Heme    Pay,    i,    339;    ii.    35: 
'        xiii,  375. 
I    Hertford,  v,  519;    ix.  182. 


Hertingfordbury,  xvi,  447, 
I    Higham,    Kcnti   vii,    169;    xi, 
I        p.   Ixxii. 

Hillmorton,  xv,   428. 
:    Hitrhin,  xiv,  415;   xvi,  446. 
I    Tlolbrough,  xviii,  474. 
1    Hnlmbiiry  Hill,  xviii,  297. 
I    Holmesdalc  Vallev,  xv,  209. 
I    Holyhead,  viii,  195. 
I    Ilomerton,  viii,  124. 

I  *  Sec  uotc   at   end. 
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Laindon  Hills,  x.  4S9:   xx.  181. 
Lake  District,  vii,  236. 
Lane  End.   Bucks.,  xx,  101. 
Laval  (France),  xvi,  242. 
Ledbury,    vi.  233. 
Leicester,  xiv,  430. 
Leicestershire,  v,  142, 
Leighton    Buzzard,    xv.    183; 

xvii,  139;  xx.  473. 
Leith  Hill,  vi,  393;   xi,  p.  clxiii ; 

xiv,  331. 
Lenham,  xii,  385. 
Lewes,  i,  274;  xix,  451. 
Lewisham,    ii,   33;    iv,    114; 

vii,   142:   viii,  112;   x,  501  ; 

xviii.    101  ;    xix.    103. 
Lichfield,  xvi,  246. 
Limpsfield,  xi,  p.   Ixxxii. 
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rf.  ii.  273. 

Br:::sh    Museimi    (BKv^msbunr), 

i.  247;  ii,  4;  ii,28;  ii,  1S3; 

i  ill,    86;     iii,    Iv^;     iv,    91  ; 

I  iv,   113:    iv,   4v*^>;    v,   UV^; 

j  v.    101>;    \.    122:     V,    niV^; 

v.    36:>:    VI.    151  ;    vi,    151; 

I  viii,  a"»9. 

British      Musonni      (N  a  t  u  i  n  1 
Hislorv). 

vi.  321',  Klrphnuts, 
vii.   113,   Fossil  CvMaN, 
vii,  \XV 

vii.  351,  Motrmites. 
vii,   STM,   Hot.inirul. 
vii,  359,  Fossil  MammuU,  rU\ 
viii,  W).  Minctftlo^iral  l)«*pt. 
viii.  3r>3,    Fossil   Fi-^hc*. 


*  See  note  at  end. 
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Museum  visits  (British  Museum)- 
xii,  88,  Fossil  Cryptograms. 
xiir    319,    Pleistocene    Mam- 
malia, 
xiii,  60,  Gymnosperms. 
xiii,  274,  Fossil  Reptilia. 

xiv,  302,  Fossil  Fishes. 

XV,  85,  General. 

xvi,  257,  MoUusca. 

xvi,  445,   Meteorites. 

xvii,  117,  Fossil  Reptilia. 

xvii,  365,  Pliocene  Mammalia, 
etc. 

xviii,  145,  Mineralogical  Gal- 
leries. 

xviii,  390,  Palaeozoic  Floras. 

xix,  101,  Fossil  Mammalia. 

xix,  307.  Fossil  Reptilia. 

XX,  37,  Fossil  Fishes. 

XX,  76,  Department  of  Botany. 
British  Museum,  Jermyn  Street 

Museum,  and  Natural  History 

Museum,  xvi,  257. 
Bruce  Castle  Museum,  xx,  74. 
Cable     Street      Nature     Study 

Museum,  xx,  465. 
Chingford,  xiv,  336. 
Dibley,    G.     E.,     Museum    of, 

xix,  312. 
Doulton     Potteries,     Lambeth, 

X,  130. 
Essex  Museum,  xix,  310. 
Farmer  and  Brindley's  Marble 

Works,  xii.  91. 
Franco-British  Exhibition  (Pal- 

aeonto logical  Exhibit),  xx,  539. 
Geological     Society's     Museum 

(South     African     Collection), 

iv,  483. 
Geological     Society's     Museum 

(Type       Specimens,        e  t  c), 

xvi,  423. 
Health   Exhibition,    viii,  413. 
Horniman  Museum,  xviii,  161. 
Hudleston,  W.  H.,  Museum  of, 

xii,  320;   xvi,  133. 
Imperial     Institute     (Canadian 

Mineral  Galler}').  xx,  462. 
International   Exhibition,    1862, 

i,  279;    1872,  iii,   123. 
Jermyn     Street     Museum,      see 

Museum  of  Practical  Geology. 
Marble  Works,  xii,  91. 
Museum   of   Practical   Geolog}' 

Jermyn  Street,  i,  351 ;   ii,  28 

li,    184;     iii,    38;     iii,    205 

iv.    253;    iv,    281;     vi,    311 

vii,    114;    xii,   322;    xiv,    97 

XV,  287 ;   xvi,  257 ;    xx.  467. 
Pearce,  Dr.,  Museum  of,  ix,  165. 


Royal  College  of  Science, 
XX,  464;  also  see  Science 
Schools. 

Royal     College     of     Surgeons, 
ii,    227;     iii.    190;     v,    140 
vi,    171;    viii,    114;    ix,    521 
xi,  p.  xxiii ;   xii,  91 ;  xv,  84 
xvii.  118. 

Science  Schools,  South  Ken- 
sington, ix,  517;  also  see 
Royal  College  of  Science. 

South  Kensington  Museum, 
Western  Gallery,  ix,  520; 
XV,  289 ;   XX.  464. 

Spurrell,  F.  C.  J.,  Museum  of, 
xui,  296. 

Stepney  Museum,  xx.  465. 

Victoria  and  Albert  Museum,  see 
South  Kensington  Museum. 

Zoological  Gardens,  v,  511; 
ix,  178;  xii,  97;  xiv,  324; 
xvii.  368;   xix,  102. 

N. 
Nash  Mills,  xi,  p.   Iviii. 
Netherfield,  xix,  449. 
Netley  Heath,  x.  182 ;  xvi,  524. 
Nettlebcd,  xii,  204. 
Newbury,  vi,  185 ;  xi,  p.  xiii. 
Newhaven,  x,   141 ;   xx,  156. 
Newlands   Comer   (Surrey), 

xvi,  524. 
Newton  Abbot,  xvi,  425. 
Norfolk,  xvii,  480. 
Northamptonshire,   iv,   123 ; 

xii,  172. 
Northfleet,  xiii,  368;   xiv,  305. 
Northumberland,    ix,   582 ; 

xviii,  322. 
Norwich,  v,  513;   xiii,  54. 
Nottingham,    iv,    491;    xii,   386; 

xiv,  430 ;   xvi,  225. 
Nutfield,  i,  149;   ii.  35;   iv,  153; 

V,  155;  X.  496;  xiii,  371. 

O, 

Old  Ford,  Main  Drainage  Works, 

i,  277. 
Orpington,    vi.     189;     xvi,    533; 

xvii,  169. 
Otford,  XV,   209. 
Oving,  XV,  207. 
♦Oxford,  i,  155;   ii,  243;    iv,  91; 

vi,  338;  xi,  p.  cxlvi. 
Oxshott,  xvi,  256. 
Oxted,  ii,  28 ;  xiii,  291. 

P. 
Pegwell  Bay,  ix,  168. 
Penn  (Bucks.),  xv,  311. 

*  See  note  at  end. 
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Penshorst.  xx,  512. 
PenUand  Hills,  xv,  2(». 
Perivalc,  viii,  141. 
Petcrborougb.  xt,  1S8. 
Pinner,  ix,  518. 
Pitch  Hill  <5tixTcvV  xviii.  469. 
Plumstead,  iii,  2S5;   x,  191; 

xvii,  182. 
Plymouth,  xx,  78.  i 

Portland,  Isle  of,  vi.  172.  ! 

Potters  Bar,  xi,  p.  cxl ;  xir,  430 ; 

XX,  502. 
Prawle  District,  xvii,  119. 
Pulborough,   xvii,  184. 
Purbeck,  Isle  of,  rii,  377 ;  S€e  also 

Swanage. 
Parley,  ii,  274 ;   xvi,  518. 
Putney,  x,  471.  • 

Q.  i 

Quainton,  zv,  207. 

R. 

Radlett,  viii,  452. 
Ranmer  (Surrey),  xii,  403. 
Rayleigh  Hills  (Essex),  xix,  477. 
Reading,  iv,  519 ;  ix,  209 ;  x,  493 ; 

xiv,   411;    XV,    304;    xvii,  381; 

xix.  135 ;  XX,  200. 
Reculver,  i,  339;  ix,  168. 
Redhill,  i,  149;   vi  373;   vii  369; 

X,    154;     xiii,    371;     xv,    113; 

xvii,  385;   xix.  221. 
Reigate,  i,  149 ;  x.  154 ;  xvi,  162 ; 

xvii,  385;  xix,  221. 
Richboroug^,  ix.  168. 
Richmond,  vi,  370. 
Rickmansworth,  vii,  397;  x,  163; 

X,  499;  xvi,  244. 
RiddJesdown,    ii,    274;    iv,    282; 

vi,  372. 
Rochester,  xx,  178. 
Roker,  xviii,  322. 
Romford,  xii,  316. 
Romney  Marsh,  xv,  97 ;  viii,  92. 
Rottingdean,  xvi,  248. 
Royston,  xviii,  166. 
Rugby,  XV,  428. 
Rye,  ix,  544. 


St.  Albans,  xii,  342. 
St.  George's  Hill,  ix,  637. 
St.  Leonard's,  iii,  211. 
St.  Margaret's  (Kent),  xv,  97. 
St.  Mary  Cray,  iv,  156. 
St.  Monans,  xv,  206. 
Salisbury,  vii,  134;   ix,  522; 
xviii,  146. 


Sandnte,  ir,  554;   riii,  92; 

xiii,  142. 
Sandy,  xii.  396. 
SaTemake,  xx,  506. 
Scresaerstoa,  xviii,  318. 
Seafcrd,  xvi,  500;   xx,  156. 
Seaton,  xvi.  133. 
Selbome,  xii,  192. 
Sclsev,  X,  138;  xviii,  475. 
Sevenoaks,   i,  390;    vi.    194; 

vi,  202;  xiv,  207;  xviii,  299. 
Shalford.  xiii,  377. 
Shenlev,  xi,  p.  clxix. 
Sheppey,  Isle  of,  i,  166;  iv,  320; 

vu,  m-,   X,  194;   XV.  459. 
Sherborne,  ix,  187. 
Shere,  xix,  453. 
Shirley,  vii,  145. 
Shooters'  Hill,  xix,  103. 
Shoreham  (Kent),  iv,  155. 
Shortlands   Station,  xii,  92. 
Shotover,  xvii,  383. 
Shropshire,  xiii,  381. 
Sidmouth,  xvi,  133. 
Silchester,  xvi,  513. 
Silsoe.  xix,  110. 
Snowdon,  viii,  195. 
Somerset,  West,  xiv,  433. 
Southampton,    ix,    522;    x,    132; 

xi,  p.  xvi. 
South  Kensington,  Site  of  British 

Museum,  (Natural  History), 

iv,  324. 
Southwick,  xviii,  322. 
Staffordshire,  North,  xi,  p.  cxvii; 

xviii,  173. 
Staines,  xvi,  163. 
Stamford,  xix,  367. 
Stanmore,  xvii,  175. 
Stansted,  xix,  222. 
Start  District  (Devon),  xvii,  119. 
Stcwkley,  xvii,  139. 
Stirling,  xv.  201. 
Stone  (Bucks.),  xv,  90. 
Stone  (Kent),  xx.  458. 
Stonehenge,  vii,  134;   ix,  622. 
Strood,  xvi,  632. 
Stroud,  ii,  33;   xv,  176. 
Sudbury  (Suffolk),  x,  187 ;  xv,  452. 
Suffolk,  xvii,  48(). 
Suffolk   (Crag   District),   v,   108; 

xiv,  409. 
Sundridge,   iv,  498. 
Surrey,  North  Downs,  v,  496. 
Surrey,  West,  xii,  100. 
Swanage,  xiii,  276;  xiv,  307. 
Swanscombe,  xi.  p.  cxlv  ; 

xiv,  305;  xvii,  138. 
Swindon,  ii,  38;  iv,  543;  lU,  828. 
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T. 

Taplow,  xii,  406. 

Tattingstone,     Crag     District     of 

Suffolk,  xiv,  409. 
Thame  District,  xvi,  157. 
Thanet,  Isle  of,  iv,  254;  xix,  149. 
Thrapstone,  xvi,  516. 
Tilburstow  Hill,  ii,  35;   iv,   153; 

V,    155;    X,  496;    xiv,    191; 

xvi,  510. 
Tilbury  Docks,  viii,  392. 
Tilgate  Forest,  vii,  372. 
Titsey,  xiii,  291. 
Tollesbury,  xviii,  191. 
Tonbridge,     vi,     202;      vi,     204; 

XX,  97. 
Torquay,  xvi,  425. 
Tortworth,  xvii,  150;   xx,  514. 
♦Tottenham  (East  London  Water- 
works), xvii,  135. 
Totternhoe,  vii,  191 ;  xi,  p.  Ixxiv ; 

xiv,  193. 
Tunbridge     Wells,    vi,    204; 

vi,  230 ;  xiv,  198 ;  xv,  105. 
Twyford  (Berks.),  xvii,  176. 
Tyler's  Hill,  see  Chesham. 

U. 

Upminster,  xii,  195;   xii,  316; 

xviii,  479. 
Upnor,   vi,   336;    xii,   190; 

xvii,  397. 
Upper  Warlingham,  xv.  458. 
Upton,  xi,  p.  Ixxxiii. 

W. 

Wales,  Central,  xix,  229. 
Wales,  North,    iv,  559;    viii,   195. 
Wales,  South,  x,  542. 
Wallingford,  xviii,  300. 
Walmer,  xv,  97. 
Walthamstow,  xii,  338. 
Walton  Common,  ix,  537. 
Walton-on-the-Hill,   xv,    456; 

xvi,  155. 
Walton-on-the-Naze,     iii,     122 ; 

xi,  p.  cl. 
Wantage,  v,  137. 
Wardour,  Vale  of,  vii,  134 ; 

xviii,  146. 
Ware,  v,  519;    ix,  182. 
Wargrave,  xvii,   176. 
Warminster,  xvii,  1C6. 


W^arwickshire,  ii,  284. 

Watford,  ii,  43;   iii,  65;   iv,  284; 

vi,  191. 
Weldon,  xvi,  226. 
Well  Hill,  iv.   155;   xix,  235. 
Wellingborough,  xiii,  283. 
Wellington    College,     ix,    219; 

xi,  p.  clvi. 
Welwyn,   ix,  534;    xvii,   396; 

xix,  108. 
Wendover,  xii.  340. 
Westbury,  xiii,  125. 
Westcombe   Park,    viii,    112; 

X,  501. 
West  Dra>ion,  xiv,  118. 
West  Hoathly,  ix.  217. 
Westleton,  xv,   434. 
Westmoreland  (Appleby  District), 

XX,   193. 
Weymouth,  vi,  172;    xi,  p.  xxvi; 

XV,  293. 
Wheatley,  xvii,  383. 
Whetstone,  x,  145;   xiii,  367; 

xix,  313. 
Whitchurch  (Bucks.),  xv,  207. 
Whyteleafe,  xvi,  518. 
Wicklow,   xiii,    168. 
Wi^ht,  Isle  of,  vii.  185;  xii,  145; 

XIV,  99;   xix,  357. 
Wimbledon,  x,  471  ;    xvi,  443. 
Winchfield,  xvi,  153 ;    xvi.  519. 
Wing,  xvii.  139. 

Winterboume  (Berks.),  xix,  349. 
Winterbourne   Bassett,    xx,   536. 
Woburn  Sands,  xii,  395. 
Woking.   XV,    ISJ ;    xvii,    265. 
Wokingham,  ix,  222;    xi,  p.  clvi; 

xvi,   153. 
Woldingham,  xix,  133. 
Wood  hatch,  xix,  221. 
Woodhay,  xvii,  388. 
Wootton    Basselt,    xvii,    144. 
Worms  Heath,  xv,  458;    xix,  133. 
Worth,  viii,   185. 
Wotton.  xii,  403. 
Wouldham,  xx,   178. 
Wye  Valley,  x,  542. 

Y. 

Yeovil  District,  ii,  247. 
Yorkshire    Coast,   xix,    464. 
Yorkshire,  East,  iv,  326. 
Yorkshire,  East  Coast,  xii,  207. 
Yorkshire,  West  Riding,  vii,  420. 


•  Note. — A  separate  report  was  issued  in  1869  of  excursions  to  the 
following  places:  Caterham  Junction,  Cravford,  Croydon,  Guildford 
Hunstanton,  Oxford,  and  Tottenham.  '  ' 
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IV, 


CHRONOLOGICAL     LIST     OF    THE     LONGER 
EXCURSIONS. 


Easter. 

1864.  Sevenoaks,  i,  390  (one  day). 

1871.  Cambridge,  ii,  219. 

1872.  Maidstone,  ii,  238. 

1873.  Banburv,  iii,  197. 

1874.  Oxford,'  iv,  91. 

1875.  Isle  of  Thanet,  iv,  254. 

1876.  Grantham  and  Nottingham, 
iv,  491. 

1877.  Crag  District  of  Suffolk, 
V.  108. 

1878.  Chipping  Norton,  v,  378. 

1879.  Weymouth  and  Portland, 
vi,  172.' 

1880    Hampshire  Coast,  vi,  316. 

1881.  Salisbury,  Stonehenge,  and 
Vale  of  Wardour,  vii,  134. 

1882.  Battle  i^nd  Hayings.  \ii,  356. 

1883.  n>the,  N  K.  corEi^r  of 
Komney  Marsh,  Sandgate,  and 
Folkestone,  viii,  92. 

1884.  Lincoln,  viii,  383. 

1885.  Cantcrbu  :.,  lUrulvers,  Peg- 
wel    Bay    KJch borough,  ix,  168. 

1886  Southampton,  Salisbury,  and 
Stonehenge,  ix,  522. 

1887.  Southampton,  Brighton,  and 
Newhaven,  x,  132. 

1888.  Newbury  and  Southampton, 
xi,  p.   xiii. 

1889.  Lyme  Regis  and  Weymouth, 
xi,  p.  xxvi. 

1890.  North  Staffordshire,  xi,  p. 
cxvii. 

1891.  Isle  of  Wight,  xii,   145. 

1892.  Devizes,  Swindon,  and  Far- 
ingdon,  xii,  323. 

1893.  Norwich,  The  Bure  Valley, 
Cromer,  &  Lowestoft,  xiii,  54. 

1894.  Bournemouth  and  Barton, 
xiii,  274. 

1895.  Isle  of  Wight  (Tertiary), 
xiv,  99. 

1890.     Swanage,      Corfe      Castle, 

Kimmeridgc,  ^-c,  xiv,  307. 
Iwfi7    \r.i„,..-       j^t       Margaret's, 

Dover,  Folkestone,  and  Romney 

-Marsh,  xv,  97. 
1898.  Bridport     and     Weymouth, 

XV,  293. 


1899.  Seaton,  Sidmouth,  Budleigh 
Salterton,  and  Exeter,  xvi,  120. 

1900.  Newton    Abbot,    Chudleigh, 
Dartmoor,   and  Torquay, 

xvi,  425. 

1901.  Start,  Prawle,  and  Bolt  Dis- 
tticts^  xvii,  119.' 

1902-  Gower      Peninsula,      South 

Wales,  xvii,  366. 
IfML?    S-i'-K.,rv    r— !    the   Vale   of 

Wardour,  xviii,  146. 

1904.  Vale   of   Ev€.sham    and    the 
North  Cotteswoldij   xviii,  391. 

1905.  Mid'Liticolnshirei  xix,  114. 

1906.  Lyme  Regis,  xix,  320. 

1907.  Plymouth,  xx,  78. 

Whits  UN. 

1869.  Oxford  (separate  report). 

1870.  Stroud,  May  Hill,  and  Swin- 
don, ii,  33. 

1871.  Yeovil  District,  ii,  247. 

1872.  Bath,  iii,  89. 

1873.  Eastbourne  &  St.  Leonards, 
iii,  211. 

1874.  Northamptonshire,  iv,  123. 

1875.  Charnwood  Forest,  iv,  307. 

1876.  Swindon     and     Faringdon, 
iv,  543. 

1877.  Leicestershire,  v,  142. 

1878.  Norwich  &  Cromer,  v,  513. 

1879.  Bath,  vi,  196. 

1880.  Oxford,  vi,  338. 

1881.  East    End    of    the    Isle    of 
Wight,  vii,  185. 

1882.  Isle  of  Purbeck,  vii.  377. 

1883.  Hunstanton,   viii,    133. 

1884.  Cambridge,   viii,  399. 

1885.  Sherborne      and      Bridport, 
ix,  187. 

1886.  Dungeness,  Rye,  and  Hast- 
ings,  ix,  544. 

1887.  Cirencester     and     Minchin- 
hampton,  x,  157. 

1888.  Charnwood  Forest,  x,  472. 
1HH9.  Crag  District,  xi,  p.  Ixviii. 

1890.  Oxford,  xi,  p.  cxlvi. 

1891.  XonhamptonsbiTt ,   xii,   172. 

1892.  Xottingham    xii,  386. 

1893.  Hath.  Midlnrtl,  Bradford-on- 
Avon,  &c.,  xiii,  126. 
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1894.  Cambridge  &  Ely,  xiii,  202. 

1805.  Banbury,  Bloxham,  Edge 
Hill  and  Hook  Norton,  xiv,  177. 

1806.  Chippenham,  Calne,  Kello- 
ways,  and  Corsham^  xiv,  930. 

1807.  Cheltenham  and  Stroud, 
XV,  175. 

1806.  Aldeburgh,   Westleton,   and 

Dunwich,  xv,  434. 
1809.  Brittany  (&  Laval),  xvi,  281. 

1000.  Malvern  &  District,  xvi,  503. 

1001.  New  G.W.R.  Line  from 
Wootton  Bassett  to  Filton,  and 
Bristol  District,  xvii,  144. 

1002.  Chamwood  Forest,  xvii,  373. 

1003.  North  Staffordshire, 
xviii,  173. 

1004.  Buxton  &  North  Derbyshire, 
xviii,  410. 

1005.  Isle  of  Thanet,  xix,  140. 

1006.  Isle  of  Wight,  xix,  357. 

1007.  Bristol,  xx,  150. 

1008.  Mid  and  South  Cotteswolds 
and  the  Tortworth  Area,  xx,  514. 

"The  Long." 

1871.  Warwickshire,  ii,  284. 

1872.  Ludlow  and  Uie  Longmynds, 
iii,  124. 

1873.  Malvern,  iii,  260. 

1874.  Cheltenham  District,  iv,  167. 

1875.  East  Yorkshire,  iv,  326. 

1876.  North  Wales  Border, 
iv,  550. 

1877.  Derbyshire,  v,  186. 

1878.  The  Boulonnais.  vi,  30. 

1879.  Ledbury,  vi,  233. 

1880.  Bristol,  vi,  396. 

1881.  Lake  District,  vii,  236. 

1882.  West  Riding  of  Yorkshire, 
vii,  420. 


1888.  Bangor,     Snowdon,     Holy- 
head, &c.,  viii,  195. 

1884.  South  Devon,  viii,  458. 

1885.  Belgium    and    French    Ar- 
dennes, ix,  261. 

1886.  Northumberland,  ix,  582. 

1887.  Cornwall,  x,  106. 

1888.  Forest  of  Dean,  Wye  Valley 
and  South  Wales,  x,  542. 

1880.  N.W.       Cumberland       and 
Edenside,  xi,  p.  Ixxxv. 

1800.  Mendip  Hills,  xi,  p.  clxxi. 

1801.  East    Coast    of    Yorkshire, 
xii,  207. 

1802.  N.W.     Carnarvonshire    and 
Anglesey,  xii,  400. 

1803.  Dublin  and  Wicklow, 
xiii,  168. 

1804.  Shropshire,  xiii,  381. 

1805.  Belfast,  Antrim,  and  Mourne 
Mountains,  xiv,  200. 

1896.  West    Somerset    and   North 
Devon,  xiv,  433. 

1807.  Edinburgh      and      District, 
XV,  107. 

1808.  Birmingham  District, 
XV,  417. 

1800.  Derbyshire,  xvi,  221. 
1900.  Keswick,  xvi,  526. 

1001.  The  Auvergne,  xvii,  269. 

1002.  Suffolk  and  Norfolk, 
xvii,  480. 

1003.  Berwick-on-Tweed,  The 
Cheviots,  &c.,  xviii,  307. 

1904.  The  Ludlow  District, 
xviii,  487. 

1905.  Central  Wales,  xix,  229. 
1^.  Yorkshire  Coast,  xix,  464. 
1907.  Appleby      District,      West- 
moreland, XX,  193. 
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